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THE CHEMICAL AND PHYSICAL EXAMINATION OF 
PORTLAND CETFIENT. 


By THOS. B. STILLMAN, PH.D. 


HE enlarged consumption of Portland cement in this coun- 
ij try during the past few years has caused the subject of its 
chemical and physical properties to receive increased considera- 
tion. Not only has the consumer been directly interested, that 
the cements used should stand specified tests, but the attention of 
the manufacturer has been drawn in the same direction, result- 
ing in improvements in methods of production. 

While the Portland cement manufacture here is yet in its 
infancy, with a history of practically less than ten years, its 
product for 1891 reached a total of 450,000 barrels out of 
3,500,000 barrels consumed in this country during that year. 
This ratio between home production and importation should be 
radically changed in the near future, since the product for 1892 
was over 600,000 barrels. A number of causes have prevented 
the use of American Portland cements in the home market, 
one of the chief being that the imported German cements 
always gave higher physical tests when made by the German 
methods of testing than the American cements under the Ameri- 
can system of testing. There are a number of American Port- 
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land cements fully as good as the best German cements, and 
have shown fully as high tensile strength when tested by the 
same methods. 

These differences in results are not due entirely to the cements, 
but rather to the methods in use in the different countries for 
testing them, for Portland cements cannot vary much in their 
chemical composition without losing their value. 

The limit of variation is as follows : 


BAO cnasisic tae cael 58 to 67 per cent.! 
SIO) 6 <snseweneaeiecses 20: teeb - 
Al1,Og «2 20eeceeeee cece 5 toto " 
FELOg. oe soescle cvicwns 2 fo 6% . # 
MgO .nceeecccsceceee 0.5 to 3 sie 
SOg- 200 cece cccccs cece oO5ito 25 


After manufacture it is practically Ca,SiO,, and is quite dis- 
tinct from another product made and largely consumed here 
called ‘‘ hydraulic cement.”’ 

Experience has shown that Portland cements containing over 
two per cent. of magnesia (MgO) are inferior in lasting quali- 
ties, and by the gradual absorption of water produce cracking 
and disintegration (Compt. Rend., May, 1886). 

Calcium carbonate (CaCO,), formed by the absorption of CO, 
by the CaO in the cement after manufacture, is another injur- 
ious compound found in cements containing more CaO than 
sufficient to unite with the silica to form the tri-silicate of lime. 
This carbonate of lime gradually produces seams and fractures 
after the setting of the cement. The ‘‘ Ecole Nationale,’’ of Paris, 
rejects all cements containing over 1.5 per cent. of sulphuric acid. 
Thus, if upon chemical analysis, magnesia is found present in 
amount over two per cent., carbonic and sulphuric acids in 
amounts over one and one-half per cent., the cement can be con- 
demned at once without any mechanical tests. ‘Therefore, it is evi- 
dent that a careful test of a Portland cement requires: (1) a 
chemical analysis to determine the proportion of the ingredients 
and (2) the mechaiical or physical tests to determine fineness, 
tensile strength, and resistance to crushing. 


1K. Candlot, Etude pratique sur le Ciment de Portland (Paris, 1886). 
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RESUME. 
Per cent 

 § PREP PEPEETRT RCO E Cee oe re ee ae. 24.20 
AL. 2002 és teeter eraure eeeswece ds 6.22 
Fe,( Sr ea ge econ einai we: ac eiatnry ate Wacelieaas tearmk anh ae 3.00 
COG: 0 cvcun ss neue ab deeeieds Cemeuaneaaenaed 62.67 
MgO Vise Cen wees SOON ORE CR Cem ew awed ewes 22 
SS | er are ee en rr rr ey er pe 1.10 
EOD ic orice dave naekemee cine eee ame eae 0.86 
SO, occcee coccccccccce cess cece cess cvcccces 0.67 

TOG 6006. cceccinnntnn tenes ven teens 99.94 


The following well known brands of Portland cements were 
analyzed in my laboratory by above method. 





Burham’s. Dyckerhoff’s. Saylor’s. 

SiO, +++++--eee- 21.70 per cent. 19.05 per cent. 21.2 5 per: ont, 
Al,Oy+seeee cree 6.82 7.90 S cou 
Fe,O, -eeeeeeees 2:37 “ 5.38 ee 8.25 BS 
1S ERE 62.26 “ 63.62 . 61.25 = 
MgO .....--.-- 1.48 ae 1.87 1.50 _ 
K,O..eceecceeee 1.84 a 0.88 i 1.01 aS 
Na,O ..+- eeeeee 0.98 66 0.36 ae 0.99 as 
SO, .c ee cece eens 1.20 66 0.94 se 1.38 66 
MeN 6 newed viene at 1.30 es ches 

99.95 se 100.00 - 99.84 


In some cements quartz is a constituent in amounts varying 
from 0.5 to 6 per cent. It can be separated from combined 
silica by the method of Fresenius (Quant. Chem. Anal., p. 259). 

Where carbonic acid has been indicated by the qualitative 
analysis the quantitative analysis should be made upon at least 
eight grams of the cement. 

The carbonic acid rarely reaches one per cent., and while it 
is generally absent in well-burned cements, it is by no means an 
uncommon constituent to the amount of 0.15-0.30 per cent., as 
the following table of analyses of German cements will show' 


I 2 3 4 5 6 7 8 

BHO! caiden acs 61.99 62.89 63.71 63.27 65.59 59.96 64.51 60.81 
Bis +0:0:6.4,00 23.69 22.80 25.37 19,80 22.85: 23.70 22.38 22.63 
Fe,O,-.----- 2.71 3-40 3-14 3-22 2.76 3-15 24 2.42 
BLO, scccee 8.29 7.70 4.31 6.73 5-51 8.20 9.45 7.06 
MgO .....-- 0.47 1.20 1.25 2.02 1.24 1.00 2.89 
Alkalies ..- 0.95 1.30 oO. nap 1.48 0.92 1.05 sees 2.83 
ee 0.69 0.71 ».87 1.08 1.69 0.88 1.44 0.47 
i ¢ike en en 0.27 ewes “sme 0.23 aes 0.26 0.33 
Insoluble -- 0.44 reer ae 1.38 aes s 0.80 


' Der Portland-cement und seine Anwendungen im Bauwesen, Berlin, 1892, p. 18. 
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THE MECHANICAL TESTING. 

The method recommended for use in this country by the 
American Society of Civil Engineers is as follows: 

(1) Determination of fineness. 

(2) Liability to checking or cracking. 

(3) Tensile strength. 

Fineness.—Tests should be made upon cements that have 
passed through a No. 100 sieve (10,000 meshes to the square 
inch), made of No. 40 wire, Stubb’s wire gauge. The finer 
the cement the more sand it will unite with and the greater its 
value. 

Liability to Checking or Cracking.—Make two cakes of neat 
cement two or three inches in diameter, about one-half inch 
thick, with thin edges. Note the time in minutes that these 
cakes, when mixed with mortar to the consistency of a stiff, 
plastic mortar, take to set hard enough to stand the wire test 
recommended by General Gillmore, one-twelfth inch diameter 
wire loaded with one-fourth pound, and one twenty-fourth inch 
diameter wire loaded with one pound. 

One of these cakes, when hard enough, should be put in water 
and examined from day to day to see if it becomes contorted or 
if cracks show themselves at the edges. such contortions or 
cracks indicating that the cement is unfit for use at that time. 
In some cases the tendency to crack, if caused by too much 
lime, will disappear with age. The remaining cake should be 
kept in the air and its color observed, which, for a good cement, 
should be uniform throughout. 

Tensile Strength.—One part of the cement mixed with three 
parts of sand for the seven days and upward test, in addition to 
the trials of the neat cement. The proportions of cement, sand, 
and water should be carefully determined by weight, the sand 
and cement mixed dry, and all the water added at once. The 
mixing must be rapid and thorough, and the mortar, which 
should be stiff and plastic, should be firmly pressed into the 
molds with the trowel without ramming and struck off level, 
the molds in each instance, while being charged and manipu- 
lated, to be laid directly on glass, slate, or other non-absorbent 
material. The molding must be completed before incipient 
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setting begins. As soon as the briquettes are hard enough to 
bear it, they should be taken from the molds and kept covered 
with a damp cloth until they are immersed. For the sake of 
uniformity, the briquettes, both of neat cement and those con- 
taining sand, should be immersed in water at the end of twenty- 
four hours, except in the case of one day tests. Ordinary clean 
water having a temperature between 60° F. and 70° F. should 
be used for the water of mixture and immersion of sample. 
The proportion of water required is approximately as follows: 

For briquettes of neat cement, about twenty-five per cent. 

For briquettes of one part cement, one part sand, about fifteen 
per cent. of total weight of cement and sand. 

For briquettes one part cement, three parts sand, about twelve 
per cent. of total weight of cement and sand. 

The object is to produce the plasticity of rather stiff plasterer’s 
cement. 

An average of five briquettes may be made for each test, only 
those breaking at the smallest section to be taken. The bri- 
quettes should always be put in the testing machine and broken 
immediately after being taken out of the water, and the tem- 
perature of the briquettes and of the testing room should be con- 
stant between 60° F. and 70° F. 

The following table shows the average minimum and maxi- 
mum tensile strength per square inch which some good cements 
have attained. Within the limits given the value of a cement 
varies closely with the tensile strength when tested with the full 
dose of sand. 

AMERICAN AND FOREIGN PORTLAND CEMENTS.—NEAT. 
I Day (1 hour, or until set, in air, the rest of the 24 hours in water)..- 


cece cece ee cece ee ce cccscccees -+++-+-from 100 to 140 lbs. per square inch 
1 Week (1 day in air, 6 days in water )-.-from 250 to 550 lbs. per square inch 
I Month, 28 days (1 day in air, 27 days in water).--+++--++eeeeee eee 


olgansis dading se nwa iewa teen ce gemenee from 350 to 700 lbs. per square inch 
1 Year (1 day in air, the remainder in water) --++.+--+ee cece cece eens 

pelilaidel Nasieieuheneiax soise spain sa aeens from 450 to 800 lbs. per square inch 
AMERICAN AND FOREIGN PORTLAND CEMENTS.—I PART OF CEMENT TO 

3 PARTS OF SAND. 

1 Week (1 day in air, 6 days in water.-from 80 to 125 lbs. per square inch 
1 Month, 28 days (1 day in air, 27 days im water)-+--+-+++-+eeeeee cree 

ds GN ha Reed a AaaEaE Od eke sae -+-++from 100 to 200 lbs. per square inch 
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1 Year (1 day in air, the remainder in water).-.-...-..... ee cceccccene 
SE CE, CC OE I OT from 200 to 350 lbs.’ per square inch 


The machines for determining the tensile strength of Portland 
cements in use in this country are the ‘‘ Fairbanks,’’ Fig. 1, 
and the ‘‘ Riehle,’’ Fig. 2. 





camer 








FIG. 1. 


The Fairbanks machine is automatic and is operated as fol- 
lows: 

Hang the cup on the end of the beam; see that the poise is 
at the zero mark and balance the beam by turning the ball. 
Place the shot in the hopper. Place the briquette in the clamps 
and adjust the hand wheel so that the graduated beam will be 
inclined upward about 45°. Open the automatic valve so as to 
allow the shot to run slowly. When the specimen breaks the 
beam drops and closes the valve through which the shot has 
been pouring. Remove the cup with the shot in it and hang 
the counterpoise weight in its place. Hang the cup on the 


1In regard to modification of these conditions required for tensile strength, consult 
Transactions American Society of Civil Engineers, August 1891, p. 285. 
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hook under the large balance ball and proceed to weigh the 
shot, using the poise on the graduated beam, and the weights 
on the counterpoise weight. The result will show the number 
of pounds required to break the specimen. 
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FIG. 2. 


The ‘‘ Riehle,’’ while not automatic, is accurate, and responds 
to differences as slight as 1 pound in 2,000. The distinctive 
features are: 

(a) The poise moves quietly and smoothly on the weighing 
beam. 

(6) The weighing beam is long and the marks not too close 
together. The slightest movement of the beam is promptly and 
plainly observed by the motion of the indicator. 

(c) The levers are tested and sealed to U.S. standard weight. 

(d) The arrangement of the ‘‘grips’’ to hold the briquettes is 
such that they are always swung from pins, thus giving the test 
upon the cement when the briquette is on a dead straight line. 
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Directions for Testing Portland Cement According to the Official 
German Rules'.—The quality of a mortar made with cement 
depends not only on the strength of the cement itself, but also 
on the degree of sub-division of the same. It is therefore neces- 
sary to make the tests both with neat cement and with a mixture 
of the same with ‘‘standard sand.’’ ‘This latter as used at the 
Royal Testing Station at Berlin, is produced by washing and 
drying quartz sand, which must be clean as possible, and after- 
wards be sifted through a sieve of sixty meshes per square 
centimeter (387 meshes per square inch), by which process the 
coarsest particles are separated. The sand is again sifted 
through a sieve having 120 meshes to the square centimeter 
(774 meshes per square inch). ‘The residue remaining in this 
sieve is the standard sand for experiments, the coarsest and 
finest particles having been eliminated. It is absolutely neces- 
sary in order to obtain uniform results to use only the ‘‘ standard 
sand,’’ as the size of the grain has a material influence on the re- 
sults of the testing. The sand must be clean and dry, and all 
earthy aud other substances previously removed by washing. 

Preparation of Briquettes of Neat Portland Cement.—Upon a 
slab of metal or marble are laid five sheets of filtering paper, 
which have been previously saturated with water, and upon 
these are placed five brass molds (Fig. 3) thoroughly 
clean and moistened with water. One thousand 
grams of cement and 250 grams of water must be 
thoroughly mixed, well worked up, and when the 
resulting mass has been rendered perfectly homogen- 
ous, it is poured into the molds. The latter must be 
gently tapped by means of a wooden hammer with 
equal force on both sides during ten to fifteen minutes 
to insure the escape of confined globules of air. The molds 
must be carefully filled up until the mass becomes plastic, the 
superfluous mortar is then struck off, and the mold carefully 
withdrawn. The samples, after remaining twenty-four hours 
exposed to the air, at a temperature of about 60° F., must be 
immersed in water having the same temperature, and care 
must be taken that they remain covered with water until the 





Fie. 3. 


+ Portland Cement, by Gustav Grawitz. 
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time arrives for breaking them. In order to obtain a proper 
average at least ten briquettes should be prepared for every 
examination. 

Preparation of Briquettes from a Mixture of Portland Cement 
and Standard Sand.—Place the molds on metal as described in 
preparation of neat cement briquettes. The quantities (by 
weight) specified of cement and sand are thoroughly mixed and 
to this is added the requisite quantity of water. The whole 
mass is then worked up with a trowel or spatula until it becomes 
uniform. In this manner is obtained a very stiff mortar. The 





molds are filled and mortar heaped up. The latter is then 
beaten into the molds with an iron trowel, at first lightly, and 
afterwards more heavily, until it becomes elastic and water ap- 


pears on the surface. The superfluous mortar is then scraped 
off with a knife and by means of the same the surface is leveled. 
The further treatment of these briquettes is the same as for neat 
cement briquettes. The average of ten breaking weights 
furnishes the strength of the mortar tested. 

ae “disney ae a8 

I'he machine in general use in Germany for determining the 
tensile strength of cements is the Michaelis (Fig. 4), and from 
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this is derived, with modifications, the ‘‘ Reid and Bailey”’ 
machine in use in England, and the ‘‘ Fairbanks’’ previously 


described. 
[TO BE CONTINUED. ] 


A NEW WEIGHING APPARATUS. 


By Dr. H. SCHWEITZER. 
Read before the New York Section May 29, 1893. 


HE weighing of liquids for analytical purposes has always 
been very tedious, and many forms of apparatus have been 
devised for facilitating this operation. But all of them had— 
disadvantages. The distinguishing feature of our ‘‘ Weighing 
Pipette,’’ which was constructed with the help of our assistant, 
Mr. E. Lungwitz, is that it consists of a single piece without any 
cock or other complicated parts. 

The weighing pipette presents the general appearance of a 
bulb pipette. Where the suction tube joins the bulb there is a 
short capillary tube which projects towards the wall of the bulb, 
the opposite wall being flattened to furnish a firm rest for the 
pipette on the scale. saad pipettes are constructed with either 
large or small apertures of the de- 
livery tube, according to the 
physical properties of the substance 
to be weighed. For light liquids, 
acids, and oils we use small aper- 
tures; for milk, syrups, heavy oils, 
and fats we take pipettes with large 
apertures. 

By capillarity and suction the 
liquid runs back into the delivery 
tube without any losses. For ex- 
ample, we weighed a quantity of 
fuming sulphuric acid in a pipette 
with small aperture, and after half 
an hour no change in the weight of the pipette was perceptible. 
A short delivery tube cannot be used as there is danger of the 
liquids running back on the outside of the tube, thereby dripping 
on the scales. 
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The pipettes can be warmed directly in the flame without 
danger of breaking them, in case the weighed substarice solidi- 
fies in the bulb (lard, etc). 

On account of the small surface of the bulb in the little 
pipettes, the error in weighing slightly warmed liquids can be 
neglected for all practical purposes. 

The inside capillary tube must be turned up as much as pos- 
sible to gain space. The capillary must have a very small aper- 
ture to allow dropping and prevent liquid from entering the 
suction tube. The apparatus can be easily cleaned by drawing 
benzene or hot soda solution, etc., through it, then alcohol and 
ether, and drying it in a current of air. 

The weighing pipette is made in different sizes with bulbs 
from five cc. to 100 cc., ete., etc., and is sold by E. Greiner, 
146 and 148 William street, New York City. 


LABORATORY OF BREYER & SCHWEITZER, 
159 FRONT ST., NEW YORK CITY. 


[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THE U.S 
DEPARTMENT OF AGRICULTURE, SENT BY H. W. WILEY.—NO. 7.] 
NOTE ON THE USE OF EOSIN FOR COLORING TOPIATOES. 
By K. P. MCELROY AND W. D. BIGELOW. 

Received June 22. 

OME time since, in accordance with the instructions of Dr. 

Wiley, a qualitative examination was made of a sample of 
tomato color made by a Cincinnati firm and sent to the Depart- 
ment of Agriculture by Mr. H. E. Taylor, of Brooklyn. 

The sample was in a small bottle bearing the label, ‘‘ tomato 
color.’’ It consisted of a thin red liquid, showing a strong 
fluorescence when diluted. Treated with hydrochloric acid a 
flocky orange precipitate was obtained and the liquid after fil- 
tration showed no color, even when made alkaline. The precipi- 
tate was freely soluble in alkalies with which it reproduced a 
red liquid resembling the original. It was also freely soluble 
in ether, giving a pale yellow solution. A portion of the sample 
was mixed with lime, evaporated to dryness, and burnt till 
white. A water solution of the resulting mixture of ash and 
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lime after acidifying with nitric acid, gave a heavy precipitate 
with silver nitrate. Another portion of the solution treated with 
bleaching powder and hydrochloric acid liberated a substance 
which was taken up by chloroform, imparting to it a strong 
yellow color. A portion of the original sample was reduced 
with sodium amalgam and to the resulting nearly colorless 
liquid a drop or two of dilute permanganate solution added. A 
liquid having a deep green fluorescence resulted. The fluores- 
cence was so strong that the liquid was nearly opaque. In view 
of the reactions cited, the substance under examination was 
pronounced to be an aqueous solution of brom-eosin (tetra- 
bromfluorescein). 

Eosin is one of the most extensively used of the so-called 
anilin colors. The statement has been made that it is sometimes 
employed in coloring candy, and more rarely, other articles 
of food. Its use for coloring tomatoes, however, has never 
been published to our knowledge. It is well adapted for this 
purpose inasmuch as in a very dilute state it possesses a yellow 
color not unlike that of the liquor which surrounds canned 
tomatoes. Addition of a single drop of the solution examined 
to the liquid contents of a can of tomatoes was found to hardly 
change the color at all, but to cause a marked change for the 
better in appearance. 

At the suggestion of Dr. Wiley an effort was made to work 
out a method by which brom-eosin could be discovered when 
added to canned tomatoes. The readiest foundation for such a 
method appeared to be the fact that eosin can be readily ab- 
stracted from acidified aqueous solutions by ether, and that 
from this ether solution it in turn can be withdrawn by dilute 
alkali. The solution so obtained has a characteristic fluor- 
escence. 

A large tomato was taken, mashed, and water added. The 
mixture was divided into two parts and to one a drop of the 
tomato color added. Both portions were then placed in dishes 
on the water bath and heated for three hours, replacing the 
evaporated water from time to time. At the expiration of this 
time the liquid part was strained off from each portion through 
cotton bags. The volumes obtained in each case measured 
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about 150 cc. They were acidified with hydrochloric acid, 
placed in separatory funnels, and shaken with ether. The 
aqueous portion of the liquid was then drawn off and the 
ethereal solution washed with water. After separating from 
this wash water, twenty cc. of dilute solution of caustic soda 
were placed in each funnel and the shaking repeated. The 
alkaline liquid in one funnel then showed a strong yellow- 
green fluorescence. The color was almost exactly as intense as 
that produced in a similar amount of the dilute alkali by a drop 
of the tomato color. This was the quantity used. On once 
more shaking the ether remaining in the separatory funnel with 
alkali an aqueous solution was obtained showing a barely per- 
ceptible fluorescence. From this it was evident that the first 
portion of alkali had extracted practically all of the coloring 
matter. From the other portion of tomato, the one to which no 
coloring matter had been added, the alkaline liquid obtained 
had a slight yellow color, but showed no fluorescence. 

A can of tomatoes was next procured, opened, the contents 
strained in a bag, and the resulting liquid divided into two 
parts. To one portion a drop of the eosin solution was added. 
Both portions were then acidulated and extracted with ether. 
The ether extract in both cases assumed a light yellow color. 
The ethereal solutions were washed with water several times 
and then shaken with dilute alkali. Both alkaline solutions 
were dark colored. Neither showed fluorescence. The ether 
retained some color. This, of course, was not due to eosin, 
which, as was just shown, is quantitatively extracted from 
ethereal solution by alkali. The alkaline liquids were acidified 
and once more extracted, using fresh ether. Nearly all the 
coloring matter in the acid liquid was extracted by the ether. 
After washing the ethereal liquids with water several times 
they were shaken with more alkali. The resulting solution in 
one case showed a faint and badly-defined fluorescence. ‘The 
color of the liquid was too dark, however, to permit any certain 
recognition of the phenomenon. The ether was not wholly 
decolorized. It was thrown away, and the two aqueous solu- 
tions acidified and extracted with fresh ether. ‘The new ethereal 
solutions after washing with water gave with alkalies a light 
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colored solution, which in one case was unmistakably fluor- 
escent. In the other sample no fluorescence whatever was per- 
ceptible. It was therefore evident that the presence of eosin could 
be recognized with certainty in the presence of the natural coloring 
matter of the tomato even when existing in but small quantity. 

Other experiments were made in which larger quantities of 
the tomato color were used—two, three, and four drops to 300 ce. 
of tomato juice. In every case recognition was positive. Asa 
rule one or two extractions were sufficient to allow the fluor- 
escence of the eosin to be easily recognized. ‘Trials were made 
of the fluorescein reaction proposed by Baeyer' for the recogni- 
tion of eosin to see if it offered any advantage, but such was 
not found to be the case. The test for brom-eosin, of which the 
sample under examination consisted, is sufficiently delicate and 
characteristic to render further complication unnecessary. If 
iod-eosin were used by the canner instead of brom-eosin it might 
then be necessary to resort to Baeyer’s test, for iod-eosin does 
not fluoresce and the color is not sufficiently distinctive to per- 
mit its recognition. Iod-eosin, however, is higher in price and 
not so well adapted for use in canned tomatoes, for a slight 
fluorescence is rather desirable in this case. 

To recapitulate, the method we propose for recognizing the 
presence of brom-eosin in canned tomatoes is to strain off 
the solid matter and to the juice add hydrochloric acid and ex- 
tract with ether. The ethereal solution is to be washed and 
shaken up with dilute solution of caustic soda. Should this 
solution be strongly colored, it is to be acidified and extracted 
with ether, the ether shaken up with dilute alkali and the alter- 
nate extractions with ether and alkali repeated till the presence 
or absence of eosin is demonstrated. The natural coloring mat- 
ter of the tomato is not completely separated from acid solution 
by ether, nor is it completely abstracted from ether by alkali, 
so that by repeating the process sufficiently often it is separated 
to an extent sufficient to permit the recognition of eosin. Eosin 
is extracted quantitatively in both cases. Should it be desired 
to apply Baeyer’s method in any case in which the presence of 
iod-eosin may be suspected it can be done by adding to the 


1 Ber., 8, 146; abs. Zitschr. anal, Chem., 1876, 15, 494. 
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final alkaline liquid some sodium amalgam, gently heating, and 
finally adding a drop or so of very dilute solution of potassium 
permanganate. In the presence of either iod-eosin or brom- 
eosin green fluorescence is developed. This test, however, pre- 
sents no advantage in the case of brom-eosin. 


THE ELECTROLYTIC SEPARATION OF THE [IETALS OF 
THE SECOND GROUP. 
By SAMUEL C. SCHMUCKER. 
Received July 8, 1893. 

F recent years the determination of metals quantitatively 
() by the methods of electro-chemical analysis has grown 
into great popularity. The exceedingly accurate results, the 
simple forms obtained, and the ease with which it is possible to 
determine the absolute purity of the deposits all combine to make 
electrolytic methods highly desirable. Hitherto most of the 
operations have served simply to determine quantitatively the 
amount of one ingredient present, while comparatively less suc- 
cess has attended the separations of metals from each other. 
It is true that many valuable separations are known, the results 
of which have been: published in the various chemical journals 
and in the few books devoted to the subject. But the list of 
separations of metals in the same group, and of separations of 
the different groups, is far from complete; and it is to this 
point that those chemists interested in electrolytic work are now 
giving their most earnest attention. Here the field seems at 
present likely best to repay the investigator. 

As an example of a gap desirable to fill, I would cite the case 
of those metals known to analytical chemists as the metals of 
the second group, viz.: arsenic, antimony, tin, mercury (ic), lead, 
bismuth, copper, and cadmium. We have no electrolytic 
method serving for the separation of the first three from any of 
the later members. An examination of the literature of the sub- 
ject would disclose to the student of electrolysis that should he 
encounter, for instance, a mixture containing copper, arsenic, 
antimony, and tin, he would find himself advised to abandon 
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the current and employ the usual gravimetric method of digest- 
ing with sodium sulphide to effect the separation of copper from 
the other constituents. Nor is this by any means a solitary ex- 
ample. It is true, individual separations have been made in 
this group. Forexample, Smith and Frankel’ succeeded in sep- 
arating copper from arsenic, both in cyanide solution and in am- 
moniacal solution in which the arsenic was in the form of pentox- 
ide and there was much free ammonia. The results in this lat- 
ter instance have been confirmed by McKay. Very recently, 
Smith and Wallace (/. Anal. Appl. Chem., 7, 4) have print- 
ed an account of their successful separation, in very varying 
proportions, of copper from antimony, in alkaline tartrate solu- 
tions. ‘These are the first successful results where antimony was 
present as more than a bare trace. Copper has never been sepa- 
rated from tin. Cadmium has no recorded separation from either 
antimony or tin; it has, however, been separated by Smith and 
Frankel from arsenic in cyanide solution. ‘The case is in no 
wise better with either lead or bismuth. Solutions of either of 
these with any of the other three (As, Sb, Sn) have defied sepa- 
ration. Concerning mercury (ic) there is a little more to be said. 
If a mercuric solution contains also arsenic in the pentoxide 
form, atid a decided excess of potassium cyanide, the mercury 
can be separated without difficulty. These results have sug- 
gested the question whether it is possible to find a general method 
suitable for the separation of any of the basic oxides of this 
second group from any or all of the acid oxides of the same 
group. This problem I have endeavored to solve. The method 
employed by Smith and Wallace for the separation of copper 
from antimony, suggested that in the alkaline tartrates might 
lie the key to the situation; and the separations from arsenic 
suggested, also, that it would be well to have the acid oxides 
in their highest state of oxidization. The results have fully jus- 
tified my utmost expectation, and so far as they have been 
prosecuted, have been uniformly accurate. Inasmuch as we 
already have a separation of copper from arsenic, and of copper 
from antimony, my first attention was turned to the separation of 


14m. Chem. J., 12, 428. 
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COPPER FROM TIN. 

A solution of copper sulphate was made containing 0. 0999 
grams of metallic copper in each portion measuring ten cc. 
About one-tenth of a gram (varying from 0.1020-0.1057 gram) 
of metallic tin was dissolved in hydrochloric acid, and bromine 
water added until the solution remained colored with the bro- 
mine to insure complete oxidation. I was led to suspect the 
presence of iron in the tin, and as this metal is deposited by the 
current from an alkaline tartrate solution, it became necessary 
to secure its removal. The tin solution was accordingly 
evaporated to dryness, taken up with caustic soda, the solution 
diluted, the iron filtered off, and the filtrate containing the tin 
(as sodium stannate) was neutralized with tartaric acid. To 
this solution four grams of tartaric acid were added and, as soon 
as this was thoroughly dissolved, ten cc. of ammonium hydrox- 
ide (sp. gr. 0.932). To this (after filtering off slight impurities 
brought in with the tartaric acid) ten cc. of the above mentioned 
cupric solution (containing 0.0999 grams copper) were added, 
the whole transferred to a platinum dish having a capacity of 
about 200 cc., and the solution diluted to 175 cc. with distilled 
water. A current, generated by five or six gravity cells coupled 
in series, was run through the solution, the anode being a flat 
platinum spiral. There was a voltameter also in the circuit. 
The precipitation was started at four P. M., and allowed to run 
during the night. The currents employed most successfully 
generated from 0.4 cc. to 1.2 cc.-of electrolytic gas per minute. 
Immediately on interrupting the current, the liquid contents of 
the dish (which should smell quite strongly of ammonia) must 
be rapidly poured off, luke-warm distilled water poured into the 
dish, allowed to flow around the inside and gently emptied out. 
The washing with warm water should be repeated three or four 
times quite rapidly, and be followed by similar washings with 
small quantities of absolute alcohol. The dish can then be care- 
fully dried on the edge of a warm plate, allowed to cool and 
weighed. Great care must be exercised during the drying to 
see that the dish does not get too warm, or the metal will readily 
oxidize, for the copper deposited from an alkaline tartrate solution 
does not have the lustrous sheen of that precipitated from solu- 
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tions containing free acid or potassium cyanide ; it has a velvety 
dark red appearance, but is thoroughly adherent to the dish. 
If the current is strong enough to generate one cc. of electrolytic 
gas per minute the precipitation is completed in five minutes. A 
decided excess of ammonia has no deleterious effect. The follow- 
ing examples will serve to illustrate the operation : 

Experiment 1.—o.1087 gram of metallic tin was dissolved in 
hydrochloric acid, oxidized, evaporated to dryness, taken up 
with water and sodium hydroxide, filtered, neutralized with tar- 
taric acid, four grams of solid tartaric acid and then ten cc. of am- 
monium hydroxide added. ‘Tencc. of the copper solution (0.0999 
gram copper) were added, the whole transferred to a platinum dish, 
diluted to 175 cc., and the current applied. The current deliv- 
ered 0.4 cc. of electrolytic gas per minute, and was allowed to act 
for seventeen hours. The deposit of copper weighed 0. 1001 gram. 

Experiment 2.—0.1039 gram was treated as above. Ten cc. 
of copper solution were used, four grams tartaric acid and fifteen 
cc. of ammonium hydroxide added, and a current generating 
one cc. of electrolytic gas per minute acted for fifteen and one- 
half hours. ‘The precipitated copper weighed 0.0997 gram. 

Experiment 3.—0.1044 gram of tin was treated as before: 
Four grams of tartaric acid and twenty cc. of ammonium hydrox- 
ide added, together with ten cc. of the copper solution. A cur- 
rent generating 1.2 cc. electrolytic gas per minute acted for five 
hours. The deposited metal weighed 0.0997 gram. 

It having now been found: possible to separate copper from 
arsenic, from antimony, and from tin, my attention was next 
turned to the possibility of separating copper from the other 
three collectively. 


COPPER FROM ARSENIC, ANTIMONY, AND TIN. 


Here, guided by the experience of Smith, Frankel, and Wal- 
lace, I decided to have the three acid oxides in their highest 
state of oxidation. Accordingly the solutions were made up as 
follows: A quantity of arsenious oxide weighing 3.3342 grams 
was dissolved in nitric acid (sp. gr. 1.3), and the solution evapo- 
rated to dryness. ‘The arsenic acid thus formed was taken up 
with water, any slight impurities filtered off, and the filtrate 
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diluted to 250 cc. with distilled water. This gave a solution 
containing 0.1009 gram metallic arsenic in each ten cc. For 
the antimonic solution a portion of potassio-antimonious tartrate, 
C,H,(SbO)KO,+4H,0, was dissolved in water, diluted largely, 
and then boiled with addition of bromine water until the solu- 
tion remained discolored for a considerable time by the bromine, 
thus indicating the complete oxidation of the antimony. The 
addition of a small quantity of tartaric acid prevented the slight 
tendency to precipitation of oxysalts. The solution was filtered 
and diluted to 250 cc., thus giving 0.1024 gram metallic anti- 
mony in each ten cc. The tin solution was prepared as de- 
scribed under the section on copper and tin, and was made of 
such a strength as to contain 0.1031 gram metallic tin to every 
ten cc. The copper solution was made by dissolving a little 
more than twenty grams of copper sulphate and diluting to 500 
ce. Ten cc. of this solution as determined by direct trial con- 
tained 0.1016 gram metallic copper. 

The solution which proved best for the separation contained 
eight grams of tartaric acid, thirty-one cc. of ammonium hydrox- 
ide, and ten cc. of each of the solutions of copper, antimony, 
arsenic, and tin described above. Five hours proved sufficient 
time, and a current generating 0.8 cc. electrolytic gas per 
minute proved of sufficient strength to effect a thorough precipi- 
tation of the copper entirely free from any of the other three 
metals. The copper has the same appearance as when sepa- 
rated from tin, and must be washed and dried in the same way. 
It is, however, absolutely necessary to keep the quantity of tar- 
taric acid and of free ammonia as high as indicated or antimony 
to the amount of fully one-half of that present will be precipi- 
tated. I give the following results : 





Experiment 7.—Ejight grams of tartaric acid were dissolved 
in water, thirty cc. of ammonium hydroxide added, and the 
solution filtered. To this were added ten cc. of each of the 
solutions of arsenic, antimony, tin, and copper (0.1016 in 
ten cc.) previously mentioned, and the solution diluted to 175 
cc. The current generated 0.8 cc. electrolytic gas per minute, 
and was allowed to act for five hours. The precipitated copper 
weighed 0.1019 gram. 
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Experiment 2.—Exactly the same quantities as in I were ex- 
posed with the same strength of current and for the same length 
of time. This resulted.in the deposition of 0.1010 gram of 
metallic copper instead of 0.1016 gram. 

Having thus succeeded in the separation of copper, I next 
directed my attention to cadmium, and as antimony seemed to 
give the most trouble I began with the separation of 

CADMIUM FROM ANTIMONY. 

The antimony solution was the one previously described. 
The cadmium solution was the nitrate and contained 0.0916 
gram of the metal in ten cc. of solution as determined by electro- 
lytic deposition from the cyanide solution. ‘There is only one 
difficulty presented in this separation, and that is that the cur- 
rent must be weak, or the deposited cadmium will be too spongy 
to wash. Accordingly, it is necessary to allow the current to 
act through the night. The deposit of metal shows a tendency 
to form spongy masses here and there. These can be washed 
without loss if care be exercised in pouring the wash water on 
and off. The dish containing the deposit is washed with water 
simply—the washing with alcohol being unnecessary—and then 
dried on the edge of the hot plate. As actual results I give the 
following : 

Experiment 1.—Five grams of tartaric acid were dissolved in 
hot water, fifteen cc. of ammonium hydroxide were added, and 
the solution filtered free from impurities introduced by the acid. 
Ten cc. of the antimony solution and ten cc. of the cadmium solu- 
tion (0.0916 gram metallic cadmium) mentioned above were 
added, the whole transferred to a platinum dish, diluted to 175 
cc., and the current allowed to act over night. The cadmium 
was washed with hot water and dried. It weighed 0.0920 gram. 

Experiment 2.—The solution here was made up in the same 
way as in the preceding experiment. The current gave 0.3 cc. 
electrolytic gas per minute. It acted over night. The cadmium 
deposit weighed 0.0925 gram. 

Experiment 3.—The solution was just the same as in the last 
case. The current gave 0.4 cc. electrolytic gas per minute and 
acted for sixteen hours. The deposit of metallic cadmium 
weighed 0.0925 gram. 
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CADMIUM FROM TIN. 


In this case the tin solution was the same as that employed in 
the separation of arsenic, antimony, and tin from copper, and 
indeed, throughout the rest of these’ trials the arsenic solutions 
(0.1009 gram metallic arsenic in ten cc.), the tin solutions 
(0.1031 gram metallic tin in ten cc.), and the antimony solu- 
tions (0.1024 gram of antimony in ten cc.) are the same. The 
separation presents no difficulties and the metal is deposited in 
good form if the precaution previously mentioned is observed, 
namely, to use a long-continued weak current. The metal 
should be washed with hot water only, and dried on the edge of 
a warm plate. 

Experiment 1. 
water, fifteen cc. of ammonium hydroxide added, then ten cc. 





Five grams of tartaric acid were dissolved in 


of the tin solution, and ten cc. of the cadmium solution (0.0916 
gram). This was diluted to 175 cc. in the platinum dish, and a 
current liberating 0.1 cc. of electrolytic gas per minute allowed 
to act upon the mixture for eighteen and one-half hours. ‘The 
cadmium deposit was washed with hot water, dried and weighed. 
It equaled 0.0914 gram. 

Experiment 2.—The conditions and quantities were here just 
the same as in the last experiment save that the current deliv- 
ered 0.2 cc. of electrolytic gas and was allowed to act for 
eighteen hours. The cadmium weighed 0.0918 gram. 

CADMIUM FROM ARSENIC. 

The solutions employed in this case were those used pre- 
viously. The amount of tartaric acid was five grams and of 
ammonium hydroxide fifteen cc. This quantity proved the best 
for all separations where but two metals were present and was 
adhered to under these circumstances throughout the rest of the 
work. When more than two elements are present it becomes 
necessary to increase the amounts of tartaric acid and of am- 
monium hydroxide to eight grams and thirty cc. respectively. 
The tartaric acid was dissolved in water as before, the ammo- 
nium hydroxide added, followed by the arsenic and cadmium, 
the solution transferred to the platinum dish, diluted to 175 cc., 
and then electrolyzed. The deposit differed in no wise from 
that obtained in the separation of cadmium from tin. 
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Experiment 1,—Five grams of tartaric acid were dissolved in 
water, fifteen cc. of ammonium hydroxide were added, followed 
by ten ce. of the cadmium solution (=0.0g16 gram cadmium), 
and ten cc. of the arsenic solution. The mixture was introduced 
into a platinum dish, diluted to 175 cc., and a current that gave 
0.3 cc. of electrolytic gas per minute allowed to act for a period 
of sixteen hours. The cadmium deposit weighed 0.0913 gram. 

Experiment 2,—Vike quantities were taken and treated in the 
same manner, except that the current delivered 0.2 cc. of elec- 
trolytic gas per minute. It acted sixteen hours. The cadmium 
deposit weighed 0.0921 gram. 

CADMIUM FROM ARSENIC, ANTIMONY, AND TIN. 

The solution was now made up by combining the arsenic, 
antimony, and tin with the cadmium. ‘The tartaric acid was in- 
creased to eight grams and the ammonium hydroxide to thirty 
cc. The cadmium separated from the three differed in no re- 
spect from that separated from any one. It had the same appear- 
ance and washed and dried in the same way. 

Experiment 1.—Ejight grams of tartaric acid were dissolved in 
water, thirty cc. of ammonium hydroxide were added, followed 
by ten cc. each of arsenic, antimony, tin, and cadmium solutions. 
The current liberated 0.25 cc. of electrolytic gas per minute 
and acted for eighteen hours. The metallic cadmium weighed 
0.0915 gram. 

Experiment 2.—The same quantities were used as in experi- 
ment 1. The current gave 0.4 cc. of electrolytic gas per minute 
and acted sixteen hours. The deposit of cadmium weighed 
0.0920 gram. 

Experiment 3.—Same quantities were used. The current gave 
0.3 ec. of electrolytic gas per minute and precipitated 0.0918 
gram cadmium. 

Copper and cadmium having yielded thus easily to the cur- 
rent in the presence of arsenic, antimony, and tin in ammonium 
tartrate solutions, my attention was next turned to bismuth. 





BISMUTH FROM ARSENIC. 
The solution was made by dissolving 5.8 grams of bismuth 
nitrate in water acidulated with enough nitric acid to prevent 
the formation of basic salts. The solution was diluted to 400 cc. 
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and ten cc. taken for the determination of the bismuth. The 
metal was precipitated from the alkaline tartrate solution and 
weighed 0.0518 gram. The practice had now become uniform 
of adding five grams of tartaric acid and fifteen cc. of ammonium 
hydroxide when two metals were present, and eight grams of 
acid and thirty cc. of ammonium hydroxide when four metals 
were in the same solution. The solution was made up as in all 
preceding cases and the process differed in no way until the 
washing began. Bismuth does not form so compactly on the 
dish as cadmium does or even as copper from the alkaline tar- 
trate solution. Accordingly great care was necessary in the 
washing. In drying, too, it seemed to oxidize with very little 
heating. Therefore, when the deposition was complete the 
anode was raised, the liquid gently but quickly decanted from 
the deposited bismuth, and the wash water gently poured 
on and off. This latter was repeated three or four times, and 
was followed by three or four washings with absolute alcohol. 
The dish was placed on a very moderately heated plate and the 
evaporation of the alcohol facilitated by gentle blowing. It is 
best to use a long-continued weak current for bismuth or the 
deposit will be spongy and loose, rendering washing difficult. 

Experiment 1.—The solution contained five grams of tartaric 
acid, fifteen cc. of ammonium hydroxide, 0.1009 gram metallic 
arsenic, and 0.0518 gram of bismuth. It was diluted to 175 cc. 
The current acted sixteen hours and gave 0.3 cc. of.electrolytic 
gas per minute. The precipitated bismuth weighed 0.0514 
gram. 


BISMUTH FROM ANTIMONY. 


Here the procedure was exactly similar to that described 
under the separation of bismuth from arsenic. The precipitated 
metal resembled that obtained in the preceding experiment. 

Experiment 1.—The solution contained five grams of tartaric 
acid, fifteen cc. of ammonium hydroxide, 0.1024 gram of anti- 
mony, and 0.0518 gram of bismuth. It was diluted to 175 cc. 
The current gave 0.22 cc. of electrolytic gas per minute. It 
acted sixteen and one-half hours. The deposit of metallic bis- 
muth weighed 0.0513 gram. 
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BISMUTH FROM TIN. 

The method of procedure was just the same here as in the 
separation of antimony or of arsenic from bismuth. The pre- 
cipitated bismuth was treated as heretofore and had the same 
appearance. 

Experiment.—The solution contained five grams of tartaric 
acid, fifteen cc. of ammonium hydroxide, 0.1031 gram of metallic 
tin and 0.0518 gram of metallic bismuth. It was diluted with 
distilled water to 175 cc. The acting current gave 0.2 cc. of 
electrolytic gas per minute; time, sixteen and one-half hours. 
The bismuth deposit weighed 0.0514 gram. 


BISMUTH FROM ARSENIC, ANTIMONY, AND TIN. 

The procedure was again just as before. The bismuth pre- 
cipitated readily and in as clean a form as when separated from 
each of the metals singly. 

Experiment.—The solution contained 0.0518 gram of bismuth, 
0.1009 gram of arsenic, 0.1024 gram of antimony, 0.1031 gram 
of tin, eight grams of tartaric acid, thirty cc. of ammonium 
hydroxide, and was diluted to 175 cc. The current gave 0.2 cc. 
of electrolytic gas per minute and was allowed to act for sixteen 
and one-half hours. The bismuth, after washing and drying, 
weighed 0.0513 gram. 

The method adopted by me having proved successful in the 
separation of copper, cadmium, and bismuth from the metals 
forming acid oxides, I next applied it to the study of mercury 
in its bivalent form. About seven grams of mercuric chloride 
were dissolved in distilled water and diluted to 500 cc. ‘Ten ce. 
of this solution proved to contain 0.0933 gram of metallic mer- 
cury. I first undertook the separation of 

MERCURY FROM TIN. 

There was a doubt in my mind whether the mercuric com- 
pound could be made up in alkaline tartrate solution when 
there was so much free ammonia present. I found, however, 
that if the mercuric chloride solution be added to the tartaric 
acid solution before the addition of the ammonia there is little 
likelihood of trouble, though even then the double compound 
sometimes forms, especially if the solutions be not dilute. But 








ELECTROLYSIS APPLIED TO THE SECOND GROUP. 205 


if care be exercised the mercuric salt may be added last. If the 
solution is well diluted and the mercuric salt added with con- 
stant stirring all remains in solution very nicely. The mercury 
and tin were then combined with the tartaric acid and ammonia, 
the solution diluted, and the current passed. The precipitation 
is quite rapid even with a fairly weak current, and the metal 
separates as a lustrous coating having a very slight tendency to 
drops. The mercury is washed with very warm water three or 
four times and then dried by keeping the dish in the warm hand 
and blowing gently into it to facilitate the evaporation. Any 
attempt to dry it on the plate is attended with very considerable 
risk of vaporizing a portion of the mercury. 

Experiment.—Ten ce. of the mercuric chloride solution 
(= 0.0933 gram metallic mercury, ten cc. of tin solution, five 
grams of tartaric acid, and fifteen cc. of ammonium hydroxide 
were united and diluted to 175 cc. The current gave 0.2 cc. of 
electrolytic gas per minute and was continued for six hours. 
The mercury deposit weighed 0.0930 gram. 

MERCURY FROM ARSENIC. 

The solution contained 0.0933 gram of mercury, 0.1009 gram 
of arsenic, five grams of tartaric acid and fifteen cc. of ammo- 
nium hydroxide. It was diluted to 175 cc. The current gave 
0.33 cc. of electrolytic gas per minute, acted for five hours, and 
deposited 0.0928 gram of metallic mercury. 

MERCURY FROM ANTIMONY. 

Experiment.—The solution contained 0.1024 gram of anti- 
mony in addition to the mercury, also five grams of tartaric acid 
and fifteen cc. of ammonium hydroxide. It was diluted to 175 
cc. with water. The current gave 0.5 cc. of electrolytic gas 
per minute. It acted for six hours and precipitated 0.0932 
gram of metallic mercury. 

MERCURY FROM ARSENIC, ANTIMONY, AND TIN. 

The solution was made up in the same manner as in the three 
preceding separations, save for the increase of tartaric acid and 
of ammonium hydroxide. ‘There was, however, a difference in 
the nature of the deposited mercury. A part of it gathered as 
in the other cases in a lustrous coating on the sides of the dish, 
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but in addition to this there was quite a considerable amount of 
mercury in the form of drops so small as to be almost pulveru- 
lent. This rendered washing exceedingly difficult. The fluid 
contents of the dish, after the anode has been raised, are care- 
fully decanted from the powder, boiling water added, allowed 
to flow around the dish, and again very carefully decanted. This 
was repeated six or seven times, never draining off the last 
drops to avoid loss of the mercury. If this care is taken there is 
no difficulty about good results, but the slightest haste results 
in the loss of mercury. Naturally when that much water re- 
mains on the mercury the evaporation from the heat of the hand 
is a most tedious, but the only safe, process. 

Experiment 1.—The solution contained 0.0933 gram of mer- 
cury, 0.1009 gram of arsenic, 0.1024 gram of antimony, 0.1031 
gram of tin, eight grams of tartaric acid, thirty cc. of ammo- 
nium hydroxide, and was diluted to 175 cc. The current gave 
0.5 cc. of mixed gases per minute. It acted for sixteen hours 
and precipitated 0.0935 gram of mercury. 

Experiment 2.—The conditions were the same as in the first 
experiment. The current gave 0.4 cc. of electrolytic gas per 
minute and precipitated 0.0933 gram of metallic mercury. 

I made no attempt to separate lead from arsenic, antimony or 
tin. 

In conclusion, I would acknowledge my indebtedness to Prof. 
Edgar F. Smith, at whose suggestion and under whose super- 
vision the above studies were brought to completion. 


UNIVERSITY OF PENNSYLVANIA, 
JULY 1, 1893. 


THE ACTION OF GASES UPON METALLIC 
MOLYBDENU!1 AND TUNGSTEN. 


By EDGAR F. SMITH and VICKERS OBERHOLTZER. 


Received July 12, 1893. 

AVING prepared these two metals with care and believing 
them to possess a high degree of purity, we conceived that it 
might be of interest to observe their behavior when exposed, at more 
or less elevated temperatures, to the influence of different gases. 
We first studied their conduct in an atmosphere of carbon mon- 
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oxide. The temperature was raised to a red heat, but no reaction 
whatever occurred. Again, both metals remained unaffected 
when heated to redness in a brisk current of dry ammonia gas. 
The period of time during which the gases mentioned were con- 
ducted over the heated metals was in each case one hour. 

Our next step was to ascertain how each metal would deport 
itself in an atmosphere of carbonyl chloride (COCI,). This 
compound was prepared by passing well-dried chlorine gas to- 
gether with an excess of carbon monoxide through a hard glass 
tube filled with bone black, the latter being heated to redness. 
The air in the tube had been displaced by hydrogen and the 
metal ignited in this gas, after which carbon dioxide was intro- 
duced to displace the hydrogen, and the tube then connected 
with the apparatus from which the carbonyl chloride was 
evolved. 

Action of Carbonyl Chloride upon Molybdenum.—'The metal 
was contained in a porcelain boat. The reaction began at a 
temperature varying from 150 to 200°C. A dark red colored 
vapor was produced and condensed in drops in the cooler portions 
of the tube. The action ofthe gas was continued until no more 
molybdenum remained in the boat. As soon as the combustion 
tube had become perfectly cool the liquid in the anterior portion 
was quite stiff and jelly-like. On coming in contact with the 
air it immediately solidified, and its surface was covered with a 
light, white, woolly substance. This solid mass was sub- 
jected to sublimation in currents of carbon dioxide, carbon 
monoxide, and nitrogen with apparently no attendant decom- 
position, but we found that, after sublimation had occurred in an 
atmosphere of carbon monoxide, the boat contained a hard, 
black residue; its analysis revealed the presence of 32.79 per 
cent. of metallic molybdenum. The quantity of this material 
was so slight that we consumed much time in preparing a suffi- 
cient amount (0.0663 gram) for this single determination and we 
were forced to leave the examination for chlorine and carbon go 
by default. The jelly-like compound, mentioned above, melts 
below 100°C. Under certain conditions, not clearly understood 
by us, the product is solid from the very outset, is brittle and 
can be easily scraped from the sides of the tube upon which it 
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had been deposited. It apparently is more stable, too, than the 
jelly-like mass. Both modifications decompose very energetic- 
ally on coming in contact with water, carbonyl chloride or hydro- 
chloric acid gas being simultaneously liberated. This behavior 
caused us much trouble in the estimation of the chlorine. 

We analyzed both modifications, and give a few results obtained 
with the solid, non-crystalline and reddish-brown material. 


Molybdenum Determination. ; 
Per cent. 


1.—o.1636 gram substance gave 0.0873 gram MoO, = 35.59 
2.—0.1182 ‘ “ “0.0820 ** “= 35-29 
3.—0.3867 ‘ ia < gaes si = 35.74 


The jelly-like form contained a little less molybdenum, but 
approximated the figures just recorded. 
The mean of these molybdenum percentages is 35: 54 per cent. 


Chlorine Determination : 
Cl per cent. 


| eee 0.0927 gram substance gave 0.2015 gram AgCl = 53.75 
Qeveevcese 00321“ +  o.n6g4 | ‘* == 53.46 
Jrvceceeee 0.1864 ‘‘ a *, .ocagaa. - ‘ ‘¢. =3§2.27 


The mean of these results is 53.16 per cent. It may be well 
to add that in the third analysis a slight loss of chlorine was 
sustained when the material was brought in contact with water. 
Now, upon summing up the results we encounter a difference of 

1.30 per cent., which perhaps may be due to oxygen. Grant- 
ing that such is the case we then deduce an atomic ratio of one 
Mo, two O,and four Cl. This corresponds with no known 
molybdenum oxychloride, and we have further to add that, upon 
taking material which had been sublimed and re-sublimed in 
an atmosphere of nitrogen and which we had every good reason to 
presume was no longer accompanied withcarbonyl chloride, and 
subjecting this apparently pure compound to analysis, viz., burn- 
ing it in an atmosphere of oxygen and proceeding as in an ordin- 
ary combustion for the estimation of carbon,we several times 
obtained five per cent. of carbon monoxide. If the product under 
examination were a true and pure molybdenum carbonyl deriva- 
tive, Mo(CO)CI,, we should have gotten about eleven per cent. of 
carbon monoxide. Qualitative tests, ¢. g., burning of the com- 
pound in pure oxygen, and conducting the gases into lime water 
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also revealed the presence of carbon monoxide. The product 
is not a pure carbony! derivative, but we are firmly of the opin- 
ion that such a derivative is present in the mixture and that 
in all probability the contaminating or admixed substance is 
MoOC1,, for we frequently noticed that the reddish-brown powder 
gradually assumed a greenish hue as traces of air came in 
contact with it. Assuming that what we analyzed was a mix- 
ture of a molecule of molybdenum oxychloride, MoOCl,, and 
a molecule of molybdenum carbonyl, Mo(CQO)CI1,, we can get 
theoretical figures that closely approximate the results that we 
actually obtained by analysis. It is our purpose as time and 
opportunity allow, to follow this line of investigation further, 
and strive either to isolate the carbonyl derivative and prove its 
actual existence, or to show some reason for the peculiar results 
we have obtained in our present study. Abandoning, then, all 
further speculation as to the nature of our molybdenum product 
we may pass to the 
Action of Carbonyl Chloride upon Tungsten.— The phosgene 
was prepared as before and the metal exposed just the same as in 
the case ofthe molybdenum. Onraising the boat and its contents 
to a low red heat, at the same time conducting the gas in a rapid 
current through the tube, orange-red colored, needle-shaped 
crystals sublimed beyond the boat. In the course of an hour 
all the metallic tungsten had disappeared, leaving a black 
metallic residue in the boat. The combustion tube and its 
contents were allowed to cool. The orange-red colored subli- 
mate was removed and sublimed in an atmosphere of nitrogen 
gas. An examination of the black residue contained in the boat 
proved it to be furve carbon. In appearance it resembled 
soot. The analyses of the purified orange-colored derivative 
show that it was tungsten oxytetrachloride. 
Tungsten Determination: 
W per cent. 
Tecccccess 0.1076 gram material gave 0.0729 gram WO, = 53.76 
Bevczsvties 0.0300‘ - 0.0438 ‘ ‘¢ = 54.30 


Chlorine Determination: 


Cl per cent 
Weenswsec's 0.1120 gram material gave 0.1935 gram AgCl = 42.72 
Y eee eT 0.2114 : = 0.3577 o ‘= 41.25 
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In determining the chlorine we ignited the material in an air 
current and conducted the gases through a silver nitrate solution. 
The theoretical requirements of the compound WOCI, are 53.80 
per cent. W and 41.52 per cent. Cl. These results leave little 
doubt as to the action of carbonyl chloride upon heated metallic 
tungsten and indicate, too, that an oxychloride could well be pre- 
sent in the molybdenum product that we have briefly described 
in the preceding paragraphs. 

We next undertook the study of the deportment of the two 
metals when heated in the vapor of sulphur chloride (S,Cl,). 
To this end a small flask containing liquid chloride of sulphur 
was connected with a hard glass tube, about twenty inches long 
which terminated in a receiver. Carbon dioxide was first passed 
through the entire apparatus and when all the air had been 
expelled the flask containing the sulphur chloride was gently 
heated and the current of carbon dioxide continued. In this 
manner the vapor was brought in contact with the metals which 
were exposed in boats. The excess of sulphur chloride was 
condensed and collected in the receiver. 

Action of Sulphur Chloride in Gas Form upon Molybdenum.— 
At a low temperature a yellowish-white, crystalline sublimate 
appeared, and sulphur separated. The crystalline product did 
not contain sulphur. As soon as it ceased forming it was re- 
moved, and the heat increased until the boat and its contents 
approached a red heat, when further reaction set in. A reddish- 
brown colored, and perfectly amorphous sublimate made its ap- 
pearance. The slow current of carbon dioxide, passed con- 
tinuously through the apparatus, carried off the excessive sul- 
phur chloride. A white, very volatile and woolly product was 
produced simultaneously with the amorphous brown material ; 
the latter was freed from the former by gently heating in a cur- 
rent of carbon dioxide. The amorphous product was heated 
several times in carbon dioxide, indeed as often as seemed neces- 
sary to eliminate any sulphur chloride that might be mixed with 
it. Sublimation in an atmosphere of carbon monoxide was tried, 
but partial decomposition ensued with the evident formation of 
a black mass resembling molybdenite very much in general ap- 


pearance and behavior. The reddish-brown material proved to 
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be rather stable in the air and insoluble in water and in the alka- 
lies. Concentrated nitric acid dissolved it completely after 
standing for some time. The sulphur content was determined 
by heating a weighed quantity of the substance in a current of 
oxygen and passing the sulphur dioxide that resulted through 
hydrochloric acid containing bromine. ‘The sulphur was finally 
weighed as barium sulphate. 


ANALYSIS. 


Molybdenum Determination : 
Mo per cent. 


I ccccccece 0.1009 gram substance gave 0.0680 gram MoO, = 44.93 
ee eee 0.0811 * ss ** 0.0556 ve ‘¢ =45. Og 
J vcccsecce 0.1094 ‘“ Mf « o.o7sg ** ‘“ 44.78 


The mean of these percentages is 45.13 per cent. 
Chlorine Determination : 
Cl per cent. 
Disiecwaaes 0.1076 gram substance gave 0.1333 gram AgCl = 30.63 
Pic stasans 0.1185 2 si “0.1422 ie ‘¢ .==29.70 
The mean of these results is 30.16 per cent. Cl. 


Sulphur Determination : 

S per cent 
eid aidinve és 0.1090 gram substance gave 0.1945 gram BaSO, = 24.53 
Ccrwananes 0.1855 as os * 9.4989) ° ‘S  = 24.37 

The mean of results is 24.45 per cent. S. 

The formula that may be deduced from these figures is 
Mo,S,.Cl,. Its theoretical requirements are 45.47 per cent. Mo, 
24.25 per cent. S, and 30.27 per cent. Cl, with which our analyti- 
cal results accord quite well. We must evidently regard this as 
an unsaturated molybdenum derivative, which can be explained 
by the assumption that sulphur has been substituted for equiva- 
lent amounts of chlorine in five molecules of molybdenum 
pentachloride. 

The Action of Sulphur Chloride in Gas Form upon Tung sten.— 
A dark-red crystalline sublimate is produced when sulphur 
chloride vapors are conducted over gently heated tungsten. 

This compound is readily volatilized and is soluble in sulphur 
chloride, from which it is rather difficult to free it. The first 
sublimate was sublimed and re-sublimed until only a crystalline 
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product remained. ‘This proved to be very unstable in the air, 
lost color and was decomposed quite energetically by water, 
liberating hydrogen sulphide and separating tungstic acid. The 
sulphur content was estimated in the same manner as with the pre- 
ceding molybdenum derivative, while the tungsten and chlorine 
were determined in the ordinary way, care being exercised with 
the latter so that as little loss as possible would be sustained 
when the compound was brought in contact with water. 


ANALYSIS. 


Tungsten Determination : 
W per cent. 


Wie ocvdiers "ue 0.1157 gram substance gave 0.0618 gram WO, = 42.38 
MR a ara 0.0973 ae ‘ ‘* 0.0510 ¥s sy = 41.59 
Zeccccceee 0.1507 ‘* sie Qogera. i*¢ “- = 4a ie 
yee 0.1537 as " ‘* 0.0838 ‘* = = eee 


The mean of these percentages is 42.12 per cent. W. 
Sulphur Determination : 
S per cent. 
Teese seeee 0.1699 gram substance gave 0.3136 gram BaSO, = 25.38 
ne eee O:8g37 «SS as hc GuaanG ‘¢ -==26.03 
The mean percentage is 25.70. 


Chlorine Determination : 
Cl per cent. 


Tecccccess 0.0631 gram substance gave 0.0734 gram AgCl = 31.93 
Ye 0.0988 =“ - * 0.4274 ‘¢ = 31.88 
Jocccccece 0.1478 ‘“* ne “* O1G07 * ‘* =3I1.24 


The mean of these results equals 31.68 per cent. 

Employing the means of the three determinations we deduce 
as the empirical formula of this new derivative, W,S,Cl,, which 
we would express as follows: W,S,Cl,+285,Cl, The theoreti- 
cal requirements of this compound are 42.03 per cent. W, 25.57 
per cent. S, and 32.42 per cent.Cl. Like the molybdenum deriva- 
tive it may be viewed as an unsaturated sulphochloride derived 
from two molecules of the pentachloride by the substitution of 
sulphur for chlorine and in addition combined with sulphur 
chloride. 

The study of the deportment of molybdenum and tungsten in 
atmospheres of other gases will be continued in this laboratory. 


UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, July 10, 1893. 




















A NEW /1ETHOD FOR THE QUANTITATIVE DETERMINA- 
TION OF CARBON IN IRON AND STEEL.’ 


By OTTO PETTERSON AND AUGUST SMETT. TRANSLATED BY GEO. SCHOLL, 
CATASAUQUA, PA. 


Y dissolving iron in diluted acids or in other solvents em- 
B ployed for this purpose, as cupric sulphate, cupric chlo- 
ride, mercuric chloride, even free iodine, a part of the carbon 
escapes as volatile hydrocarbons. ‘The authors affirm that this 
happens also by heating iron in dry hydrochloric acid gas. 
Ullgren based his well-known method on the oxidation of 
carbon by chromic acid and used potassium bichromate 
and sulphuric acid for the quantitative determination of car- 
bon in iron. But even in presence of such a strong oxidizing 
agent hydrocarbons escape unoxidized and the method was 
only made accurate through its modification by Sarnstrom 
(Jernkontorets Ann., 1884, 385) by conducting the generated 
gaseous products either over glowing cupric oxide or mixed 
with air through a narrow, strongly-glowing platinum tube 
and absorbing the carbon dioxide and determining it by weigh- 
ing. According to Adolf Tamm (/ernkontorets Ann., 1874, 
157) just as accurate a determination of the carbon by weigh- 
ing as carbon dioxide can be made by burning iron in a cur- 
rent of dry oxygen gas. 

The authors have for some time endeavored to complete a 
new method for dissolving iron, which contains carbon, the so- 
lution to be effected in the dry way. After several experiments 
with melting sodium pyro and metaphosphate or borax, they suc- 
ceeded in finding a suitable solvent in potassium pyrosulphate, at 
a temperature at which the purest mercantile potassium bisul- 
phate fuses quietly without giving off gas bubbles. The iron as 
sheet or drillings dissolves very quickly and completely, the so- 
lution getting dark red. Besides carbon dioxide and sulphur 
dioxide small quantities of hydrocarbons are formed, which even 
at this high temperature escape unoxidized. The reactions can 
be expressed in the following equations : 

2Fe + 12KHSO, = Fe,(SO,), + 6K,SO, + 6H,O + 3S0,,. 

C + 4KHSO, = 2K,SO, + 2H,O + CO, + 2S0O,. 


1 Jernkontorets Ann., from the Zétschr. anorg. Chem. 
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In this process of fusion there are obtained 1.714 mgms. sul- 
phur dioxide for one mgm. iron and one mgm. carbon gives 
10.66 mgms. sulphur dioxide and 3.66 mgms. carbon dioxide. It 
was the aim of the authors to determine the carbon dioxide in 
presence of the large quantity of sulphur dioxide with such 
accuracy that this method could compete with others, 7. ¢., 
the percentage of carbon has to be determined accurately at 
least to a unit of the second decimal. This has now been ac- 
complished by the authors by absorbing the sulphur dioxide by 
chromic acid and the carbon dioxide in a solution of barium 
hydrate. The barium carbonate formed in this way is then de- 




















composed and the evolved carbon dioxide determined volumetri- 
cally. The apparatus necessary to carry out the method is 
sketched in figures 1 and 5. 

The solution of the iron is effected in the hard glass tube A, 
slightly bent, having an interior diameter of fifteen mm. 
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Thirty-five gms. bisulphate are used for 0.5 gm. iron. The 
salt is fused for some time in the tube by which operation the 
particles of dust hanging to the tube and the salt are entirely 
decomposed. A stream of air free from carbon dioxide is con- 
ducted through the tube during the whole operation and while 
the fusion is cooling, the air is led through continually in large 
bubbles, so as to form an air canal in the salt. The necessary 
apparatus—gasometer with water containing sodium hydroxide 
and two small tubes with baryta water and cotton plugs—are 
attached to the fusion tube. 

After the pyrosulphate is cold, the iron, if it is in the form of 
sheet, is introduced into the tube without further preparation. 
Iron drillings, however, have to be weighed and thrown in the 
tube in a cover of platinum. ‘The apparatus is then filled with 
air free from carbon dioxide and the pyrosulphate is fused. 
The gases that are generated are carried off with the current of 
air and come into contact with the chromic acid crystals in the 
tube A which especially when they are moist, absorb sulphur 
dioxide with great rapidity. From there the gases pass into the 
tube C, where a layer of cupric oxide has been glowing at the 
moderate heat of a flat burner from the beginning of the experi- 
ment, partly to burn the hydrocarbons that are generated and 
partly to absorb any anhydrides of sulphuric or sulphurous acid, 
which may have been carried over. As soon as the burner un- 
der A has been taken away after the preliminary fusion of the 
pyrosulphate, the liquid in flask D for the absorption of the car- 
bon dioxide is prepared. This flask, a simple distilling flask 
the neck of which is drawn out, ought not to have a capacity of 
more than rooce. It is half filled with boiling water, contain- 
ing three to four drops of hydrochloric acid (all the water used 
in the experiment contains a little hydrochloric acid) and is 
allowed to boil (figure 2) to drive out the air completely from 
the flask and reservoir E. After that, five to six gms. crystal- 
lized baryum hydroxide are dissolved in about thirty cc. boiling 
water, and the liquid which is rendered turbid by barium car- 
bonate is filtered through the funnel T into the flask. In this 
way there is always a clear solution of baryta in the flask. The 
funnel without being washed is then taken away, the tube f at- 
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tached to the neck of the flask D, the burner removed and a 
protection tube, F, (filled with cotton and potassium hydroxide) 
is inserted in the reservoir E. The flask is then connected with 
the tube C as quickly as possible, the connections are made air 
tight with copper wire, and when the stream of air passes evenly 
through the apparatus, the fusion of the iron begins. A sheet of 
0.5 gm. dissolves in seven minutes; the generation of the gases is 
rapid and even and ceases instantly when the reaction is finished. 
The current of air is allowed to pass through the apparatus for ten 
minutes after the disappearance of the last particle of iron, so as 
to carry the last trace of generated carbon dioxide into the solu- 
tion of baryta and to absorb it with certainty. 

Professor Petterson has constructed an apparatus for volumet- 
ric determination of the carbon dioxide, which gives results as 
accurate as can be desired. He therefore did not use a method 
for the determination of the carbon dioxide by weight in the 
present case, but the above mentioned apparatus. The fol- 
lowing operations are necessary to connect the absorption 
flask D with it: After the carbon dioxide absorption is com- 
plete, flask D and tube C are disconnected, and tube f is 
washed with boiling water and removed. ‘To be sure that there 
is no sulphur dioxide carried into the solution of baryta by the 
current of air, it is only necessary to add a couple of small drops 
of potassium permanganate and shake; if the liquid assumes a 
rosy color, only carbon dioxide has been absorbed. The flask is 
then filled with boiled, distilled water up to the narrow side tube, 
the so-called hydrogen generator (an iron wire, several centime- 
ters long and inserted into a capillary glass tube, for the purpose of 
preventing the bumping of the liquid when boiling) is introduced, 
ten cc. hydrochloric acid are put in the reservoir E, D is 
connected with Petterson’s apparatus for the determination of 
carbon dioxide and the determination completed after his de- 
scription (Ber. d. chem. Ges., 23, 1402, 1890). 

From the amount of carbon dioxide obtained by this method 
a small quantity has to be deducted, which is contained in the 
reagents, especially in the hydrochloric acid. The correction is 
found by making several experiments in the apparatus without 
using iron. The authors mention four of their experiments, 
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which gave 0.246 to 0.249, an average of 0.248 cc. carbon 
dioxide at 760 mm. and o° C. The correction therefore is a 
constant quantity equal to 0.248 cc. Every chemist who uses 
this method, has of course to ascertain this factor for himself. 

In this method 0.10 cc. carbon dioxide equals 0.01 per cent. 
carbon in the iron. It is easily seen that the small variation of 
the carbon dioxide in the reagents cannot have any influence on 
the accuracy of the determination. 

The authors give the results of their carbon determinations in 
some normal irons, which they received through Professor Aker- 
man from the collection of the Academy of Mines of Stockholm 
and which come from Miller, Metcalf: and Parkin, Pittsburg, 
Pa. The four samples contained the following quantities of 
carbon in 100 parts : 








i $ a. 4- 

reer cee 1.421 0.817 0.447 0.163 
iB mardeue ests 1.419 0.810 0.451 0.169 
Zodiesierecigwewsls 1.458 0.817 0.455 0.175 
Aecvceescccccs 1.432 0.813 0.451 0.164 
Secasinemencesis 1.417 sates 0.442 0.169 
| FCT Te ee 1.431 pacers 0.444 bin ae 

Average---- 1.430 0.814 0.448 0.168 


Whenever iron which contains graphite is analyzed by this 
method, there is left a residue of fine shining scales of graphite, 
swimming on the fusion; these can be filtered off after solution 
of the fusion in hydrochloric acid and taken up by a platinum 
filter with asbestos (figures 4 and 5). The authors weighed 
the filter first with the graphite, and then after the burning of the 
graphite in a current of air loaded with nitrous gases (figure 
5) and obtained the weight of the graphitic residue as men- 
tioned in Ber. d. chem. Ges:, 28, 1401, 7890. 


RECENT METHODS IN FERTILIZER ANALYSIS. 
EDITED BY EDWIN J. HALEY, A. M. 
TOCK’S rapid method for the determination of nitrogen in 
organic compounds (Aza/lyst, 17, No. 194, 109) has aroused 
more than passing notice and discussion. Briefly, the original 
method is as follows: From o.5-1 gram of substance is mixed in 
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a small beaker with ten cc. sulphuric acid (sp. gr. 1.84), and five 
grams of native manganese dioxide (passed through a thirty-six 
mesh sieve). The flask is heated on an iron plate until the con- 
tents assume a dark green color, due to the formation of man- 
ganic sulphate. This indicates the end reaction. The flask is 
cooled, water added, and an excess of sodium hydroxide in solu- 
tion (twenty grams sodium hydroxide for ten cc. sulphuric acid) 
is added, and the distillation and titration conducted in the 
usual way. 

The new method can not be considered simply a modification 
of Kjeldahl’s process, for the principal oxidant in the latter 
process is sulphuric acid while manganese dioxide is the oxi- 
dizing reagent in Stock’s process. The author of the method 
claims to have oxidized a sample of bone meal in three minutes 
and determined the nitrogen in fifty minutes from the time of 
weighing out. 

Manures and other substances containing a large amount of 
chlorides can not be treated directly by this method. The 
chlorides must first be decomposed by heating with sulphuric 
acid alone for twenty minutes and the manganese oxide can 
then be added at once and the process continued as usual. 

The following are experimental results obtained by Stock : 


Nitrogen by Nitrogen by 

new method. combustion. 
Bone meal .---...+++seeeee 3-64 per cent. 3-54 per cent. 
Cotton cake...--++-eeeeeee- 3-49 es 3.69 s 
ERD D 9 n'4 0's oa baie a6 00.0% 7.51 ve 7.41 ig 


The apparatus used by Stock in his first experimentation con- 
sisted of a copper boiler, 600 cc. capacity, closed by a screw cap 
and India rubber washer. ‘This cap carries a topped funnel for 
the introduction of sodium hydroxide solution, and a wide evolu- 
tion tube to serve as a reflux tube in case of frothing. The 
evolution tube is closed by a rubber stopper carrying a tube 
bent at such an angle as will permit its passing down the cen- 
ter of a Wurtz flask, which serves as a washing flask for the 
vapors from the copper boiler. Both boiler and flask are pro- 
vided with burners and both must be kept boiling throughout 
the experiment. The Wurtz flask is in turn connected with a 
fourteen-inch Liebig condenser, set vertically, and this termi- 
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nates in a 500 cc. receiving flask fitted with a guard tube filled 
with beads through which the standard acid is run into the re- 
ceiver. The open ends of the tubes are all ground off at an 
acute angle so as to prevent the formation of piston-drops. 

Later (Analyst, 18, No. 203, 58) Stock simplified his appara- 
tus by dispensing with one of the two Bunsen burners and made 
it consist of a Wurtz flask, 150 cc. capacity, the tube from which 
runs into the condenser. The flask is kept at boiling point by 
the ammoniacal steam from the distilling flask. By this simpli- 
fication the conveyance of sodium hydrate into the distillate is 
prevented. 

The chief objection raised to the above method was the loss of 
nitrogen due to progressive oxidation finally producing nitric 
acid. 

Skertchly (Analyst, Nov., 1892) gave as the results of his ex- 
perimentation with the method that it failed on account of the 
loss of nitrogen due to the mixture of sulphuric acid and manga- 
nese dioxide acting upon nitrogenous substances like sulphuric 
acid and potassium permanganate causing loss of ammonia. 

Stock explained Skertchly’s loss of ammonia to be due to a 
want of division of the samples whence nitrogen was left un- 
converted, and also to a non-conformity to the process itself, for 
Skertchly used as an oxidant manganese dioxide containing 
40.56 per cent. manganese dioxide while Stock used eighty to 
ninety-seven per cent. manganese dioxide. Hehner holds it is 
immaterial whether manganese dioxide is inferior or not, pro- 
vided it contains sufficient dioxide to oxidize the substance; and 
as the point of complete oxidation is denoted by the green color 
there should be no reason for loss of nitrogen due to incomplete 
oxidation. 

Bottcher (Lands. Ver. Stat., 41, 170-4) recommends the 
Jodlbauer modification for the determination of nitrogen in 
nitrates and Wilfarth’s modification (addition of metallic oxides 
during digestion) for materials difficult to decompose, such as 
ground bone, ground fish, etc. He found that the addition of 
mercury gives a higher result in some analyses than copper and 
prefers to add 1.5 grams of zinc dust instead of potassium sul- 
phide and zinc dust in the distillation with sodium hydroxide. 
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The zinc dust alone suffices to free the ammonia from the mer- 
curo-ammonium compounds. 

Winton, of the Connecticut experiment station, in a bulletin 
of June, 1892, proposes the following modified Gunning- Kjeldahl 
method in presence of nitrates: 0.3 to 1 gram of material is 
digested with thirty cc. Scovell’s salicylic acid mixture for two 
hours. Two grams of zinc dust are added and a slow heat 
applied. Ten grams of potassium sulphate are added and the 
boiling continued until the solution is colorless or straw-colored, 
due to the presence of iron. As the mixture begins to solidify 
on cooling, water is added, and the distillation with sodium 
hydroxide carried on in the usual manner. The results were 
very satisfactory as compared with the Scovell-Jodlbauer method. 
The greatest discrepancy was 0.1 per cent. and the average dif- 
ference between the two methods was 0.05 per cent. 

Some important experiments have been made and interesting 
results been secured on the reliability of the determination of 
phosphoric acid as magnesium pyrophosphate by the molybdic 
acid method. Neubauer (Z¢schr. anorg. Chem., 1892, 2, 45) 
after exhaustive experimentation concluded that a part of the 
phosphoric acid was volatilized by the strong ignition necessary 
to convert the magnesium ammonium phosphate into the magne- 
sium pyrophosphate. When large quantities of ammonium 
salts are present, Mg(NH,),(PO,), is precipitated as well as the 
normal MgNH,PO,. The former salt upon ignition reacts ac- 
cording to the following formula: 

Mg(NH,),(PO,),= Mg(PO,), +4NH,+2H,O 
And upon continued ignition the metaphosphate is converted 
into the pyrophosphate with loss of phosphoric anhydride: 
2Mg(PO,),= Mg.P,O, + P,O,. 

The amount of anhydride lost is proportional to the amount 
of Mg(NH,),(PO,), formed, which in turn is dependent upon 
the quantity of ammonium salts in solution. 

Breyer and Schweitzer (Chem. Zlg., 1892, 1720-23) question 
the accuracy of the Lindo-Gladding method for potassium. 
They claim that an examination of the potassium-platinic chlor- 
ide precipitate showed the presence of sulphuric acid, lime, mag- 
nesia, and ammonia. As their results were low in comparison 
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with the Fresenius method in spite of these impurities they con- 
cluded there was a loss of potash in the determination, and tests 
of the alcoholic washings showed potash. A sample of sylvinite 
contained 15.45 per cent. potash by the Fresenius method and 
14.85 per cent. potash by the Lindo-Gladding method. The 
platinum precipitate of the former was free from sulphuric acid, 
lime, magnesia, or ammonia. The ammonium chloride and 
alcoholic washings in the Lindo-Gladding method contained 
potash equivalent to 1.46 per cent. potash for 0.5 gram of sub- 
stance. Analysis of the platinum precipitate showed ammonia 
equivalent to 0.0176 gram of ammonium-platinic chloride or in 
weight to 0.0034 grams potassium-platinie chloride or 0.68 per 
cent. potash for 0.5 gram of substance. Sulphuric acid and 
magnesia were also recognized qualitatively in the potassium- 
platinic chloride. 

Holleman (Chem. Ztg., 1892, 1920-21) explains the unsatis- 
factory results obtained by Breyer and Schweitzer in that, not- 
withstanding the large quantity of alcohol used for washing the 
precipitate, the soluble platinum salts were not all removed and 
consequently in the washing with ammonium chloride, ammo- 
nium-platinic chloride was formed which remained on the filter 
as an impurity. To this Holleman attributed the presence of 
ammonia in the platinum precipitate and not to a partial replace- 
ment of the potash of the platinum salt by ammonia in washing. 


ALUIINUI1. ' 


By R. I. PACKARD. 

SIDE from the merely industrial aspect of the subject, the 

history of aluminum is unique in affording an opportunity 
to study the growth, absolutely a zzztio and within the space of 
one generation of men, of a metallurgical industry operating up- 
ona new metal. Thirty-five years ago aluminum was as much 
a chemical curiosity as any one of the rare metals is to-day. 
Through the efforts of Deville it first acquired a commercial 
character, and its extraction was transferred from the sphere of 
laboratory experiments to become a metallurgical process. Since 


1 From Bulletin of the U. S. Geological Survey, April, 1893. 
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his day the development of electro-metallurgy, largely due to 
the attempts to produce aluminum economically, has increased 
to such an extent that the chemical process founded by him has 
now given way to the electrical form of metallurgy in extract- 
ing the new metal. Following this change in metallurgy and 
the increase in its production, attention has been drawn to other 
materials as sources of the metal than the cryolite formerly used, 
and new occurrences of the ore of aluminum, which has now ac- 
quired an increased value, are sought for. This increase of com- 
mercial demand, in turn, has caused the new ore and its deposits 
to be studied and explained by the aid of the most recent scien- 
tific methods. From the technical and industrial point of view, 
we have now to deal with ores of aluminum as well as ores of 
iron. From the scientific standpoint, while much is known of 
the origin of iron ores, little special attention has yet been paid 
to the genesis of oves of aluminum on account of the recent ap- 
pearance of the latter metal in the arts. This metal, however, 
has the advantage of making its debut in the full light of every 
known modern means of investigation—chemical, mineralogical, 
geological, and petrographical—and the scientific explanation of 
its origin will doubtless be speedy and full. To supplement the 
technology of the metal, it is deemed advisable to collect and in- 
troduce here what is at present known of its ores and their oc- 
currence and origin. 

In the census bulletin on aluminum, prepared under the super- 
vision of this Division, it was stated that the aluminum pro- 
duced in this country (by the Pittsburg Reduction Company) 
was then (1889) mainly obtained from Greenland cryolite. No 
workable deposits of cryolite have been authentically reported 
in this country. The deposit at the southern base of Pike’s 
Peak, Colorado, described by Messrs. Cross and Hillebrand, in 
Bulletin No. 20, of the U. S. Geological Survey, was shown by 
them to be only of mineralogical interest. Bauxite deposits and 
‘‘alum beds’’ of considerable extent have, however, been found, 
and the former mineral is used as a source of aluminum. It is 
the ore of aluminum and occurs in Georgia, Alabama, and 
Arkansas. 

The mineral received its name from Baux, a village in the 




















ALUMINUM. 





23 


south of France, where it was first found, and the more highly 
ferriferous variety was regarded and worked as an iron ore, but 
proved too refractory. It sometimes ran as high as forty-two 
per cent. metallic iron. The analysis by Berthier revealed its 
true character. The geological occurrence of the bauxite of 
Baux was studied by H. Coquand (Bull. Soc. Geolog. de 
France, 28, 98, 1871), who describes the mineral as of three 
varieties, pisolitic, compact, and earthy. The pisolitic variety 
does not differ in structure from the iron ores of Franche 
Comté and Berry, although the color and composition are dif- 
ferent. It occurs in highly tilted beds alternating with lime- 
stones, sandstones, and clays, belonging to the upper cretaceous 
period, and in pockets or cavities in the limestone. The lime- 
stone containing the bauxite and that adjacent thereto is also 
pisolitic, some nodules being as large as the fist, and the pisolitic 
bauxite has sometimes a calcareous cement, and at others is in- 
cluded in a paste of the compact mineral. M.Coquand supposed 
that the alumina and iron oxide composing the bauxite were 
brought to the ancient lake bed in which the’ lacustrine lime- 
stone was formed by mineral springs, which, discharging in the 
bottom of the lake, allowed the alumina and iron oxide to be 
distributed with the other sediment. In some cases the dis- 
charge occurred on land, and the deposit then formed isolated 
patches. He refers to other similar deposits of bauxite of the 
same period in France. Sometimes the highly ferriferous min- 
eral predominates over the aluminous (white), at others diaspore 
is found enveloping the red mineral, while in other cases it is 
mixed with it, predominating largely, and sometimes manganese 
peroxide replaces ferric oxide. In some places the ground was 
strewed with fragments of tuberous menilite, very light and white. 

M. Angé (Bull. Soc. Geolog. de France, 16, 345, 7888) des- 
cribes the bauxite of Var and Hérault and gives analyses of it. 
Over 20,000 tons were being mined in this region annually at 
the time of writing his report (1888). In the red mineral of Var 
druses occur with white bauxite running as high as eighty-five 
percent. alumina, and fifteen per cent. water, corresponding to the 
formula Al,O,-+H,O. He refers to the prevailing theory of the 
formation of bauxite, according to which solutions of the 
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chlorides of aluminum and iron in contact with carbonate of lime 
undergo double decomposition, forming alumina, iron oxide, and 
calcium chloride. Other deposits in the south of France, in 
Ireland, Austria, and Italy, he says, confirm this view, because 
they also rest upon or are associated with limestone. The baux- 
ite deposit in Puy de Dome which he studied, could not, however, 
be explained by this theory because it was not associated with 
limestone, but rested directly upon gneiss and was partly 
covered by basalt. The geological sketch map of the deposit 
near Madriat, Puy de Dome, which he gives, shows gneiss, 
basalt, with uncovered bauxite largely predominating, and 
patches of miocene clays, while the geological section of the 
deposit near Villeveyrac, Hérault, shows the bed of bauxite con- 
formably following the flexures of the limestone formation when 
covered by more recent beds, and when exposed and denuded 
occupying cavities and pockets in the limestone. This occur- 
rence is substantially the same as that of the neighboring Baux. 
M. Angé agrees with M. Coquand in attributing the bauxite to 
geyserian origin.. He uses as an illustration of the contempor- 
aneous formation of bauxite the deposits from the geysers of the 
Yellowstone Park, which is evidently due to a misunderstanding. 
He made no petrographical examination of the bauxite of Puy 
de Dome, nor did he attempt to trace any genetic relation 
between the latter and the accompanying basalt. The occur- 
rence is, however, noteworthy, and an examination might show 
that it is another instance of the direct derivation of bauxite 
from basalt, which is maintained in the two following instances, 
sowewhiat imperfectly in the first to be sure, but with greater 
detail in the second. 

The first is a paper by Lang in the Ber. d. chem. Ges., 17, 2892, 
7884. He describes the bauxite in Ober-Hessen, which is found 
in the fields in round masses up to the size of a man’s head, em- 
bedded in a clay which is colored with iron oxide. The composi- 
tion varies very widely. The petrographical examination showed 
silica, iron oxide, magnetite, and augite. The chemical composi- 
tion and petrographical examination shows the bauxite to be a 
decomposition product of basalt. By the weathering of the 
plagioclase feldspars, augite, and olivine, nearly all the silica 
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had been removed, together with the greater part of the lime 
and magnesia; the iron had been oxidized and hydroxid of 
alumina formed as shown by its easy solubility in hydrochloric 
acid. ‘The residue of the silica had crystallized as quartz in the 
pores of the mineral. 

The more detailed account of the derivation of bauxite from 
basalt is given in an inaugural dissertation by A. Liebreich, 
abstracted in. the Chem. Centrbl., 1892, No. 3, p. 94. This 
writer says that the well-known localities of bauxite in Ger- 
many are the southern slope of the Westerwald near Mihl- 
bach, Hadamar, in the neighborhood of Lesser Steinheim, near 
Hanau, and especially the western slope of the Vogelsberg. 
Chemical analyses show certain differences in the composition 
of bauxite from different places, the smaller amount of water in 
the French bauxite referring it to diaspore, while the Vogels- 
berg mineral is probably Gibbsite (hydrargillite). The bauxites 
of Ireland, of the Westerwald, and the Vogelsberg, show, by 
certain external indications their derivation from basalt. The 
bauxite of the Vogelsberg occurs in scattered lumps or small 
masses, partly on the surface and partly imbedded in a grayish 
white to reddish brown clay, which contains also similar masses 
of basaltic iron ore and fragments of more or less weathered 
basalt itself. Although the latter was associated intimately with 
the bauxite, a direct and close connection of the two could not 
be found, but an examination of thin sections of the Vogelsberg 
bauxite showed that most specimens still possessed a basaltic 
(anamesite) structure, which enabled the author to determine 
the former constituents with more or less certainty. The clays 
from different points in the district carrying basalt, basaltic iron 
ore, and bauxite were examined, some of which showed clearly a 
sedimentary character. Some of the bauxite nodules were a 
foot and a half in diameter and possessed no characteristic form. 
They were of an uneven surface, light to dark brown, white, 
yellowish, and gray in color, speckled and pitted, sometimes 
finely porous and full of small colorless or yellowish crystals of 
hydrargillite. The thin sections showed distinct medium-granu- 
lar anamesitic structure. Lath-shaped portions filled with a yel- 
lowish substance preponderated (the former plagioclases) and 











26 ALUMINUM. 


filling the spaces between these were cloudy, yellow, brown, 
and black transparent masses which had evidently taken the 
place of the former augite. Laths and plates of titanic iron, 
often fractured, were commonly present and the contours of 
altered olivine could be clearly made out. The anamesitic ba- 
salt of the neighborhood showed a structure fully corresponding 
with the bauxite. Olivine and titanic iron oxide were found in 
the clay by washing. The basaltic iron ore also showed the 
anamesite structure. 

The American occurrences of bauxite so far observed are in 
Alabama, Georgia, and Arkansas. Prof. Eugene A. Smith, 
State Geologist of Alabama, has kindly furnished the following 
information in regard to the bauxite of that State. He writes: 

‘“ The mining of bauxite was begun in Alabama in Novem- 
ber, 1891, by the Southern Bauxite Mining and Manufacturing 
Company, of Piedmont Alabama, which has shipped up to date 
(November, 1892) about 3,600 tons. In July, 1892, the Repub- 
lic Mining and Manufacturing Company, of Hermitage, Georgia 
(which is the pioneer in the business), secured a lease of the 
mines of the Bass Furnace Company, at Rock Run, Cherokee 
county, and has shipped up to date, about 1,300 tons. In ad- 
dition to this both companies have several hundred tons under 
sheds drying out. The ore goes to Philadelphia and Natrona, 
Pennsylvania; Syracuse, Buffalo, Brooklyn, New York, and other 
places. * * * It comes into.competition with the ore from 
Baux, in France, which can be purchased at a lower price than 
that at which this region can furnish it; but it is claimed by the 
manufacturers that our ore is more soluble, and therefore more 
valuable, though containing slightly lessalumina. * * * [Our] 
alumina runs from fifty-six per cent. to sixty per cent. average 
carload analysis. Of the insoluble matter silica is the chief in- 
gredient. The ore contains from two to three per cent. of titanic 
acid, and will average from twenty-five per cent. to thirty percent. 
of water. The ore occurs associated with limonites and kaolins in 
irregular beds, in the region underlaid by the Knox dolomite of 
the Lower Silurian formation. In Alabama these occurrences 
are always near to the foothills of the mountains formed of the 
Weisner quartzite or sandstone, which is a member of the Cam- 
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brian in this State. ‘The bauxite therefore seems to be asso- 
ciated chiefly with the lower beds of the Knox dolomite. The 
best known occurrences are near Rock Run furnace in Cherokee 
county, where it has been followed for a few miles towards the 
Georgia line. This is the only place in Alabama where any 
systematic mining is done, and this by the two companies above 
named whose mines are closely contiguous. Near Jacksonville, 
Alabama, in Calhoun county, the ore has also been discovered, 
but not yet mined commercially. 

‘The mines are in S. twenty-five, T. eleven, R. eleven, about 
three and one-half miles northeast of Rock Run furnace and 
close to the Georgia line. In mining the limonite in one place 
great quantities of bauxite were moved and lie now in the dump 
pile. This was before it was recognized as bauxite.’’ 

The statistical information in the foregoing was furnished to 
Prof. Eugene A. Smith, State Geologist of Alabama, by Mr. J. 
M. Garvin, superintendent of the Rock Run Furnace Company. 

He sends analyses, which are included with the others on a 
subsequent page. 

The Georgia bauxite occurs in the same formation. The 
Bureau is indebted to Mr. J. W. Spencer, State Geologist of 
Georgia, for the following account of its occurrences: 

“Tt occurs in the residual clay from decomposition of the 
Knox (calciferous) dolomite formation, which series is greatly 
developed in Georgia. The principal belt commences near 
Adairsville and widens out, extending in a southwest direction 
to Alabama. It occurs in the vicinity of brown iron and man- 
ganese ores. Indeed, the bauxite-bearing portion of the Knox 
series is nearly coincident with the manganese deposits. It oc- 
curs in pockets, often of great extent, and is usually covered 
with a few feet of clayey surface. A kaolin is often associated 
with it. It is mostly in concretionary nodules forming large 
masses or small kidney-shaped masses scattered through the 
clay. Much of the bauxite is light colored, but other portions 
contain much iron. At one locality Gibbsite occurs associated 
with it. It evidently has a similar origin with the brown iron 
or manganese ores, and was probably deposited in lagoons from 
solution of decomposed crystalline rocks, which occur eighteen 








given below. 


ner, American Geologist, 7, 181). 


Analyses of bauxite, from Baux : 


Compact 
variety. 


SIO, - + cccvccccoees 2.8 4.8 

4 Co 57.6 55.4 
Fe,O, «+--+ sess eee 25.3 24.8 

H,O.-- ee ee ee eeee ee 10.8 11.6 

TiO, ---scceseeces 3.1 3-2 

CalQ,.-cecccecece 0.4 0.2 

Corundum ...-..-. ee Jes 

Total....+. 100.0 100.0 
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Pisiform. 


Per cent. Per cent. 


[ANALYST, DEVILLE. ] 
Hard and 
compact 

calcareous 

paste. 
Per cent. 


30-3 
34-9 
22.1 
[2.7 


100.0 


French bauxites of two different types : 


Red baux- 
ite from 
Thoronet, 

Var. 


Per cent. 






























" or twenty miles to the east. Alumina is slightly soluble in 
water containing CO,, as are also the other metals.’’ 
analyses of the Georgia bauxite by Prof. H. C. White are 

An estimate of the quantity of bauxite mined in Georgia, fur- 
nished to this division by Mr. Wm. G. Neilson, of Philadelphia, 

gives 728 tons for 1889, 1,850 tons for 1890, and 3,300 for 1891. 

The total output for Alabama up to June, 1892, was 3,200 tons. 

The Arkansas bauxites occur in Tertiary areas and in the 
neighborhood of eruptive syenites, to which they seem to be 
genetically related. The mineral is pisolitic in structure, and 
varies in color and chemical composition (analysis below). 
has been mined for iron ore, some specimens yielding fifty per 
cent. metallic iron, and is of great abundance (Prof. J. C. Bran- 


Having now traced the ore of aluminum to its origin, as far 
as present information will allow, the following analyses will 
show the wide variations in its composition : 


Bauxite 
from 
Calabres. 
Per cent. 
2.0 

22 

33. 

48.8 
8.6 
1.6 


5.8 


[00.0 


White 
bauxite 
from Ville- 
veyvae 
Hérault. 
Per cent. 
2.20 
76.90 
0.10 
15-80 


4.00 
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Analyses of German bauxite : 


FROM WOCHEIN. 
[ANALYsT, LILL.] 





SIO sg 5 osc se, essincsnweed.enisa Vous peease 6.29 per cent. 
Al,Og ccccccccccccccccccccesccccccccs 64.24. “* - 
FesOg «cccccccss cvcccccsvcccccccecces 2.40 * “ 
| PPR rere eee Pere ree eee a.Se * ‘ 
MGC a sine sy cw cove ebanvontemuceies 0.38 ‘ 
Cas $4460 Oo RKO ROR ONS deviate Me amen awe * <2 
PiGhassseivicce pnincvacstemeteciee mua « 046 * 
BREED ae: 6:d0dces0: 6600 nd oa & din ae eaiaale aa oe) * ‘ 
SMUD iie-cs 6ks valine ee ceamereeee 100.56 ‘‘ : 


FROM LANGSDORF. 
[ANALYST, LANG. ] 








a Light red 
Per cent. Per cent 
DR oednit eed were awd CaS Meee eee 5.14 10.27 
7 eer rr ee ee 50.85 49-02 
FOO yg oo cc isc vcceses cececeuseseeues 14.36 12.90 
EP a t0d.05 06 Wane s Odea ewasakeeawed 0.35 not det. 
CME) os so rh 6s op veeeWe ns genetueend ae 0.41 0.62 
Mg( } 6a8e 6 eters Kester gddnnetawawes O.II trace 
i OY PPP er TT rere Te TT Terre 0.09 O.II 
WROD a s.cicieinietens |e cole Ma cole heey aa aaa 0.17 0.20 
BEG: CIS Yenc ssitsinceccaldneesianepias 27.03 25.88 
PE BEN Vc de'o ccd i so hw a a 1.35 0.93 
CO, coen cess cccevcccccce sees vecces trace. 0.26 
Pee 0o.ce ccc evcics ce svsndeeets eeeewe 0.48 0.38 
WOGAD ésae vicedsctvarecvceauces 100.34 100.57 
FROM VOGELSBERG. 
[ANALYST, LIEBREICH. ] 
SID y 60.00 cede cdececvvasivesewveseerees 1.10 per cent. 
Al,( Yy cc cccccccece cece cescccscevecces So.g2 * sk 
POO cvscivsiccccebins eaann cota bean aaa 15.70 se 
CORED 6 5b 6 4 6d) Ke as Sie ww ab aledemmaee ae 0.30 * 66 
MEMO iccriede ccasicgvewsseeencenicae cs 0.16 : 
H,O (ign. ) Tere rire to ee ty rae ‘ 
H,O CONE Die b:n:9d6e 0:0 64 eae eee ae 0.85 ? : 
Til Ja eve cee coscce vecesevccceccecccese 3.20 vs 
"ROEAL cvs.c cs sieceieceuetuenmes ro0.48 ‘* * 
Analyses of Alabama bauxite : 
[ANALYsT, DR. WM. B. PHILLIPS. ] 
Jackson- Jackson 
Jackson- ville, ville, 
From ville, Calhoun Calhoun 
Cherokee Calhoun county, county, 
county. county. red. white 
Per cent. Per cent. Per cent Per ceut 
BIOS i v:0ceseeees 37.87 18.67 ye 23.72 
Al,Oy+ +++ + eee. 39-44 45-94 47.52 41.38 
Fe,O, «+--+ eee 2.27 11.86 19.95 0.85 
H,O hygroscopic 9.20 1.40 ) 
H,O po ta che 21.20 f 23-57 or 
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Analyses of bauxite from Jacksonville, Calhoun county, Alabama: 





[ANALYsT, W. F. HILLEBRAND. ] 

Red. White. 

Per cent. Per cent. 
SIO, -- cee ce cece cece eeee cece cess 10.25 21.08 
Al,O, IS Reh -o38 WS ehh a ke ora a arene poe 41.00 48.92 
Fe,O, ioe ek cree Wewees vee eaeenewees 25.25 2.14 
PALS caitsieSn'e'ale svi sih> gin ea'e eines eis es 2.53 2.52 
P,O; OT TEE eT eT COR trace trace 
HO (100°) .cecce cece cccc ccc ccces 0.65 0.45 
H,0O ( IGM. )oecceevccceecccceecceeee 20.43 23.41 
TS, A a een ere 100,11 98.62 


CaO, MgO, and alkalies, not looked for. 


Analyses of bauxite from Floyd county, Georgia : 


[ANALYsT, NICHOLS. ] 





Per cent. Per cent. Per cent. 
SiO, Come eee eee ee eeee vere 2.80 Ter 2.30 
A1,O, oe eee e cece veeeeeees 52.21 57-25 56.88 
Fe,O, ee 13.50 3.21 1.49 
TiO, «20 cece cece cece cece 3.52 3.60 3-55 
HO ..-- cece cree eeee ees 27.72 Paves cows 
P.O; Mabaierelus sie a wie Oars bara eee Peas 0.07 
NET 514018 his owner 99-75 


Other analyses of bauxite from Georgia : 


[ANALYST, PROF. H. C. WHITE. ] 
. 6 ‘ 


Per cnn Per mia. Per cent. ite oun Per cent. Per cent. Per cent. 
SiO, ----- 19.56 41.47 2.56 8.29 6.62 35.88 1.98 
Al,O, ---- 52.13 39-75 56.10 58.61 59.82 45.21 61.25 
vd Fe,O, ---- 1.12 1.62 10.64 2.63 2.16 0.52 1.82 
‘ H,O ..... 24.21 16.14 30.10 27.42 31.10 17.13 31.43 
TiO, ----. 2.08 ae enaiers 4.15 aes sipege 2.38 








Total -. 99.10 98.98 99.30 100.10 99.70 98.74 98.86 
Number seven is on the Barnsley estate, Dinwood Station. 
It is a large deposit and is being now largely opened for work- 
ing. It always contains titanic acid and usually traces of alka- 
lies, etc. 
Bauxite from Pulaski county, Arkansas : 
Black. Red. 





Per cent. Percent. Percent. Percent. Per cent. 


SiO,....-.- 10.13 11.48 5.11 4.89 3.34 
Al,O,------ 55-59 57.62 55.89 46.40 58.60 
Fe,O,....--. 6.08 1.83 19.45 22.15 9.11 
H,O......- 28.99 28.63 17.39 26.68 28.63 





Total.. 100.79 99.56 97.84 100.12 99.68 
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Percent. Percent. Percent. 





SIO, o 20s cccvcevccccecccceces 2.00 10.38 16.76 
Al1,Og 2220 cece sccccccccccvcne 62.05 55-64 51.90 
FeO, co et cece cece cceeceeeces 1.66 1.95 3.16 
(ol) UABRRooemcer nee rece re 3.50 3.50 3.50 
H,O (ign.)++++ esse eeeeeeeeee 30.31 27.62 24.86 

Total «2. cccccccccccccce 99.52 99.09 100.28 


Metallurgy.—The electrolytic process by which aluminum is 
extracted from its oxide, alumina, is now well understood by all 
persons interested in the subject. In this country it is carried 
on by the Pittsburg Reduction Company. The principle is that 
alumina is decomposed in the presence of a melted fluoride by 
the electric current, and metallic aluminum is liberated. Power- 
ful dynamos furnish the current for this purpose. In practice 
the alumina is dissolved in the fused flux, consisting of fluorides 
of aluminum and sodium, which is regarded as serving as a 
vehicle for the alumina. The furnace for effecting the operation 
is made in the form of an open iron-cased box which is thickly 
lined with carbon and is provided with a spout at the bottom for 
tapping off the aluminum. A large block, or series of bars of 
carbon, carried on an adjustable support and arranged to dip 
into the center of the furnace, forms the anode, the furnace it- 
self forming the cathode. After the flux and alumina have been 
introduced the carbon anode is brought well down into the fur- 
nace and the currentturnedon. At first considerable resistance 
is offered, but as the materials in the furnace become highly 
heated this decreases, and the anode can be raised somewhat. 
Decomposition soon begins, the alumina being resolved into 
oxygen and metallic aluminum, the former being liberated at 
the anode, and, combining with the carbon of which it is com- 
posed, passes off as carbonic oxide, while the metallic aluminum, 
being heavier than the melted bath, sinks to the bottom of the 
latter and is tapped off from time totime. As the alumina is 
used up the increase in resistance indicates the progress of the 
reduction, and fresh alumina is added. The operation is there- 
fore continuous. 

Several new processes were patented during the year 1891 in 
Europe and in this country, the published character of which 


describe variations (improvements) on those already well known. 
8-11-93 
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It would be without the scope of this report to describe these 
processes until there is evidence to show that they have been put 
in operation in this country. The Pittsburg Reduction Company 
and the Cowles Company were the only producers in 1891. 

Production.—The amount of aluminum produced in this coun- 
try during 1891, including small experimental concerns and that 
contained in alloys, amounted to 150,000 pounds. The Pitts- 
burg Reduction Company’s plant was in operation only five 
months of the year, owing to its removal to Kensington. In 
the preceding year the production was 47,881 pounds ; and in 
1889, 19,200 pounds. 

In 1889 it was estimated that the total amount of aluminum 
extracted up to that date was about 116 tons, but that the indi- 
cations then were that the annual production would soon exceed 
that amount. ‘This prediction has been more than verified. The 
Neuhausen Company was producing at the rate of 1,000 kilos a 
day at the close of 1891. (Dingler’s poly. /., 282, No. 2, 431). A 
branch of this company at Fuges produces about 400 kilos daily, 
and altogether it is safe to say that over 500 tons of aluminum 
are being produced annually in this country and Europe. AIl- 
though the American production has been far outstripped by 
the European there are indications that the year 1892 will show 
an improvement in this industry in this country. 

Price.—In the United States the price of aluminum ranged 
from seventy-five cents to ninety cents per pound, according to 
quantity. At the beginning of 1892 it was quoted at fifty cents 
wholesale in the market reports. The European price was five 
marks per kilo at the latter date. 

Uses.—Besides the metallurgical use of aluminum in casting 
iron and steel, to be referred to below, the metal is used for an 
infinity of small articles as has always been the case, and for 
which its lightness, strength, and freedom from tarnish emi- 
nently adapt it. Indeed, with a total production of between 500 
and 600 tons, of which, perhaps, 300 only are available for manu- 
factured articles, no extensive use on the large scale could be 
expected. The rewspapers have frequently spoken of the Swiss 
steam launch of aluminum. A life-boat of aluminum was un- 
der construction at Stralsund, Prussia, in December, 1891. It 
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was expected that the lightness of the metal would be of great 
advantage in dragging the boat over the sands and in hoisting 
and lowering it. The list of proposed uses continues to in- 
crease. Disregarding them, the actual use is sufficiently varied. 
Small articles, viz., drinking cups, rulers, and paper-cutters, 
perfumery stands, smokers’ sets, ash receivers, toothpick and 
match holders, watch cases, lemonade shakers, card-receivers, 
butter dishes, rings, spoons, picture frames, bracelets, napkin 
rings, sleeve and collar buttons, scarf and shawl pins, penracks, 
dog collars, key chains, padlocks and chains, hairpins, pencil 
cases, and pannikins are advertised. 

In Germany aluminum tubing is used for penholders, umbrella 
handles, walking sticks, billiard cues, chair legs, photograph 
frames, and newspaper-holders. 

Powdered aluminum mixed with chlorate of potassium has 
been used for flash lights instead of magnesium. It is said to 
make an excellent light and to give no smoke like magnesium. 

Mr. Alfred E. Hunt, president of the Pittsburg Reduction 
Company, in a lecture delivered in March, 1891, gives some in- 
formation in regard to the use of aluminum in railroad work. 
He says that the metal has been used, on account of its light- 
ness, for slide valves (experimentally); for valves to control the 
passage of the air from the storage to the brake cylinders in the 
new and larger forms of the Westinghouse air brake, the inertia 
of the heavy iron or brass valves being a serious consideration ; 
for the fan blades and frames of windmills ; in semaphore signal 
disks and their moving frame work. 

The use of aluminum for canteens and military equipments in 
the German army has suggested a similar use in this country, 
and aluminum curb bits, saber-belt plates, canteens, meat cans, 
cartridge-belt plates, and spoons and forks have been submitted 
to the War Department in Washington for consideration. The 
object is to save weight and avoid rust. 

The substitution of aluminum for glass flasks for the army 
and its use in general for vessels which are designed for holding 
foods and drinking fluids have given rise to experiments in 
Germany to test the action of various fluids upon the metal. 
The results are on the whole favorable to its employment for 
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such purposes. It must be remembered that the aluminum of 
commerce contains small quantities of other metals and metal- 
loids, sometimes amounting to two per cent., so that it is virt- 
ually an alloy. The resistance of aluminum to acids has long 
been a popular belief, and, before giving the results of the ex- 
periments as to the action of drinking fluids upon aluminum, 
the following account of some experiments with nitric and sul- 
phuric acids is given to show that the former belief in the re- 
sistance of the metal to all acids except hydrochloric must be 
modified. Undoubtedly the physical condition of the metal 
operated on as well as its chemical composition makes a great 
difference in its power to resist the action of acids, a finely 
divided metal being much more easily attacked than the same 
metal in large pieces. G. A. LeRoy (Chem. Centrbl., 1892, 
1, No. 2, 51) found that nitric and sulphuric acids of 
different strengths acted upon aluminum as shown below un- 
der the condition specified. He used aluminum foil having the 
composition 98.29 per cent. to 99.6 per cent. aluminum, 1.60 
per cent. to 0.30 per cent. iron, 0.10 per cent. to 0.25 per cent. 
silicon. The foil was polished, freed from fat with caustic soda, 
washed with alcohol, dried in the air bath, cut up, weighed, 
and introduced into the acids. In this fine condition the action 
of the acids was as shown in the following table, the weight be- 
ing the amount of metal dissolved expressed in grams per square 
meter. The action lasted twelve hours. 
Action of various acids on aluminum foil : 





Temper- Samples. 
ature 
Specific (centi- A. B. i. D. 
Acids. gravity. grade). grams. grams. grams. gramis. 
Pure H,SQ,.-..--- 1.842 15°-20 18.40 18.90 16.40 14.50 
Common H,SO, .. 1.842 159-200 21.00 21.30 17.50 16.40 
Pure H,SO,.-...-.-- I.7II 15°-20 24.50 25.00 22.00 20.00 
Common H,SO,-.-- 1.711 159-205 25.80 25.70 24.60 22.40 
Pure H,SO,------- 1.580 15°-20 19.00 18.00 17.90 16.30 
Pure H,SO,....--- 1.263 15°-20 4.60 aaa 2.60 3-40 
Pure HNO, .-.-.... 1.383 15°-20° 17.00 16.00 15.50 14.50 
Common HNO, -... 1.383  15°-20 20.50 19.60 18.00 _ 16.60 
Common HNO, ... 1.332 15°-20 16.30 16.30 14.00 13.40 
Pure H,SO,.....--- 1.842 I50° 240. 225. 150. 200. 
Common H,SO,--.- 1.842 150° +267. 250. 210. 220. 
Pure HNO, ......- 1.382 100 : -+++ ) Violent Violent 


Common HNO, --- 1.382 100° cone ---. f action. action. 





tal 


n- 











ALUMINUM. 235 


According to these results almost pure aluminum, 99.5 per 
cent., is attacked even in the cold by nitric and sulphuric acids, 
so that the metal should not be used in apparatus for preparing 
these acids. 

As to the action of drinking fluids, coffee, tea, beer, wines, 
brandy, etc., the following appears to be the state of the case: 
Messrs. Liibbert and Roscher (Chem. Centrbl., 1897, 11, 
No. 18, 780) tested the resistance of aluminum to the action 
of alcohol, ether, aldehyde, coffee, tea, wines, and antiseptics, 
by allowing aluminum leaf to remain in concentrated solutions 
of the different liquids four days at the temperature of the room, 
and the fluids were examined either directly for alumina or 
were evaporated and the ignited residue so examined. The 
conclusion reached was that aluminum possesses only a slight 
degree of resistance to the agents named, except alcohol, ether, 
and aldehyde, and that it is therefore unsuitable for wares 
which are to be used for acid drinks, coffee, tea, etc., or articles 
which are to be cleaned with soda or soap. Its application in 
daily life would therefore be very limited. 

On the other hand, G. Rupp (Déngler’s poly. /.,283, No.1, Jan- 
uary 21, 7892), criticises the methods employed by Lubbert and 
Roscher for determining the action of the fluids by estimating the 
alumina contained in them, as well as the use of aluminum leaf for 
their experiments, which is attacked much more easily than the 
compact metal, the former being acted on even by boiling water, 
while the latter is unaffected. His own experiments were made 
upon aluminum vessels (canteens, drinking cups, etc.), and foil, 
the object being to determine the availability of the metal for 
use inthe army. The carefully dried and weighed vessels were 
filled with the different fluids or the foil was immersed in them, 
and the action was allowed to continue four, eight, and twenty- 
eight days, at the temperature of the room with frequent stirring. 
The fluids included wines of different kinds, beer, kirschwasser, 
cognac, coffee, tea, milk, drinking water, one per cent. solution 
of tartaric acid, acetic acid (one per cent., four per cent., ten per 
cent., solutions), vinegar (ten per cent.), soda solution (one per 
cent.), besides butter, honey, and preserved fruits. The articles 
were then cleaned, dried, and weighed, to determine the loss of 
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weight. The results, which fill a large table, showed that in 
most cases there was absolutely no action and in the few cases 
where there was a perceptible loss of weight it was so trifling as 
to be disregarded. To the objection that continued drinking of 
fluids containing a small quantity of alumina would eventually 
be dangerous, the author points out that the ash of all the fluids 
usually drank contains alumina, as well as most foods and drink- 
ing water itself. His conclusion is that there is no objection to 
the use of aluminum for canteens and similar vessels. 

These conclusions of Rupp were confirmed by Dr. A. Arche 
(Dingler’s poly. J., 284, No. 11, 255), whose experiments show 
that the purity of aluminum (using the percentage of silicon as 
a means of classification) has much to do with its power of resist- 
ing the solvent action of fluids, and they also show that the 
mechanical preparation of the metal is an important factor. He 
found that hammered aluminum was least attacked, rolled metal 
came next, and then the drawn metal, while cast metal was 


much more easily attacked (by acetic acid). 
(To be continued.) 


PATENTS OF INTEREST TO CHEMISTS. 
EDITED BY ALBERT H. WELLES. 

Tron and Steel.—Finely powdered wood charcoal with animal charcoal 
is a combination given by H. A. Harvey for supercarburizing steel 
(498,390). John A. Hunter has three patents: 498,061 is a process for in- 
creasing the per cent. of carbon in low steel by subjecting molten metal in 
a suitable converter to the action of a blast composed of the gases result- 
ing from heating together hydrochloric acid, calcium chloride, carbon, 
and sodium chloride; 498,062 is a method for converting iron into steel 
by heating in a crucible or retort, subjecting to action of a gas containing 
chlorine, oxygen, and hydrogen evolved from hydrochloric acid, calcium 
chloride, and sodium choride; 498,063 is another patent on a process for 
increasing the per cent. of carbon in steel by subjecting the red hot metal 
in acrucible or retort to the action of chlorine and oxygen, which have first 
been brought into contact with heated carbon. To concentrate and sepa- 
rate ores, John W. Meier heats and converts into ferric oxide, then into 
magnetic oxide by heating with carbonaceous substance, and reducing 
gases as carbon dioxide and then separates with the magnet (497,804). 

Sulphur and Carbon Disulphide.—A process for roasting sulphur bear- 
ing ores and obtaining sulphur in the solid form, Charles W. Stickney, 
inventor, consists in roasting one portion by means of steam and 
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mechanical agitation, generating hydrogen sulphide, and roasting 
another portion by means of air, generating sulphur dioxide, and min- 
gling these gases in contact with a solution of a sulphate of a heavy metal 
(493,193). Martin Wanner proposes to manufacture carbon disulphide 
from reduced sulphide ores by mixing the finely divided reduced sul- 
phide with powdered carbon, then moistening the mass with liquid 
hydrocarbon, heating in a closed retort, condensing the carbon disul- 
phide, and removing reduced metal from furnace (497,256). 

Alkali Recovery, etc.—An apparatus for recovering alkali (497,088) 
belongs to Henry Blackman, and Thomas Craney claims 496,863, an 
apparatus for the electrolysis of salt, and 496,866, an arrangement for 
washing salt. M.M. Monsanto has an improved process for manufac- 
turing salt (496,615). John A. Just decomposes the manganese dioxide 
and chloride left after the evolution of chlorine, with nitric acid, removes 
the manganous nitrate to a neutralizing well, adds manganese protoxide, 
hydrate, or carbonate, transfers to a settling tank, then to a concentrator 
worked by waste heat, next to calcining furnaces to decompose, condens- 
ing evolved gases and recovering the nitric acid (495,462). W. T. Gibbs 
and S. P. Franchot (493,023) patent their process for obtaining chlorates of 
the alkalies or the alkaline earths by electrolysis, while O. Lugo (493,277) 
deposits metals from a liquid paste composed of a mixture of the insolu- 
ble salts of the metals with water by passing the electric current. Karl 
Sundstrom (492,929) has an improvement in the manufacture of soda. 
Bicarbonate mud is first purified by dissolving out the ammonia com- 
pounds with a suitable solvent, then passing water in a finely divided 
spray to remove the sodium chloride. 

Sugar, etc.—Eugen Langen has a patent process for refining sugar 
(495,614), and Dr. Fahlberg takes out two patents on his improved 
process for manufacturing pure saccharine, 496,112 and 496,113. A dry 
mixture of para sulphaminbenzoic acid and ortho sulphaminbenzoic acid 
is added to an aqueous solution of an alkali or alkaline earth contain- 
ing just enough alkali to neutralize and dissolve only the ortho acid, 
filtering off the liquid from the undissolved para acid, and adding to the 
filtrate an acid stronger than the ortho sulphaminbenzoic acid, whereby 
the saccharine is precipitated. Alfred Wohl and Alexander Kollrepp 
(498,000) mix saccharine solutions containing sixty per cent. or more of 
sugar with dilute acid, heat the mixture and neutralize the acid to obtain 
invert sugar. Georges de Laire has a process for manufacturing vanil- 
loyl-carbonic acid and vanilline (497,546). 

Tanning, Bleaching, and Dyeing.—495,028 covers a process for tanning 
leather, granted Martin Dennis. After treatment in a bath of basic 
chloride of chromium to fix the gelatine, the hides are subjected to a bath 
of suspended carbonate of calcium. Heinrich Thies and Emil Herzig 
dip articles to be bleached first in hydrofluoric acid solution, then steam 
and wash in a bath containing an alkaline earth compound, again steam 
and treat with boiling caustic alkali lye (496,072). Peter T. Austen 
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obtains a solid extract of sumac, hemlock, etc., by incorporating an 
alkaline nitrite (495,768). Fritz Bender patents a blue dye derived from 
dimethyl metamido-cresol and derivatives of aromatic amines (494,838) 
and R. E. Schmidt and Paul Tust obtain an alizarine dye by ozidizing 
beta nitro-anthropurpurine with manganese dioxide in sulphuric acid 
solution (496,139). 

Miscellaneous.—Wm. W. Jacques uses grains of carbon treated with 
alumina for granulated material for transmitting telephones (495,090). 
Jonas E. Blomén dissolves picric acid and a hydrocarbon separately, then 
mixes, and the ‘‘picrated’’ hydrocarbon is dissolved in nitroglycerol, 
forming a blasting compound (495,178). Robert Hutchinson has a com- 
position for lubricant, lime combined with fatty acids in excess, with a 
mineral or hydrocarbon oil aud an alkali ‘‘pinate’’ (496,225). Paper 
pulp, sour milk, albumen, lime, and chloride of zinc form the combina- 
tion which Wm. P. Emery proposes to use for making railroad ties (495, 
581). To make coal-briquettes, John N. Macrath adds to coal-dust a 
binder of a viscous liquid (made by boiling wood moss in silicic acid) 
and a solution of silicic acid (495,679). R. J. Parke and Isaac 
Goodman have a paint-filling composition (496,277) and ‘‘soap, ether, 
ammonia, glycerol, alcohol, and water’’ form a cleaning compound 
patented by Charlotte E. Moor (496,274). Otto Jensen and R. Keck 
claim the rock ‘ phonolite,’’ sodium sulphate, and limestone asa 
glass compositiou (494,636). Another patent wall-plaster, Barbara 
Dirnberger, the inventor, consisting of sand, plaster of Paris, slaked 
lime, muriatic acid, lime, soluble glass, glue water, and tissues of 
fiber (494,981.) Frank S. Culver has two patents on a fire-proofing com- 
position, 495,149 and 495,166, the former containing a large proportion of 
asbestos fiber, plaster of Paris, and a small proportion of gypsum cement 
with a binding fiber of jute or hemp, while the latter patent omits the 
gypsum. Herman Giessler mentions pulverized magnetic oxide of iron, a 
metallic soap, a glass flux, and a refractory body-substance as emery 
or metallic powder, as a compound for coating metallic surfaces with a 
film of vitreous luster and dark violet blue color (495,629). A compound 
of cresol—para-isobutyl-ortho-cresol iodide—a yellow powder, soluble in 
ether, chloroform, and olive oil, which decomposes above 60° C., and on 
further heating gives off iodine vapors, is patented by Josef Messinger and 
G. Vortmann (495,204). Louis Aronson (497,621) for an electro-tinning 
bath uses a combination of water, ammoniacal alum, chloride of tin, 
sodium pyrophosphate and caustic soda. T. S. Harrison and C. Semper 
have two patents: one (497,570) an ‘ aluminous compound,’’ composed 
of sulphate of aluminum, anda double sulphate of aluminum and soda; and 
the other (497,571) an improvement in the process for making same, 
which consists in hardening or drying by the addition of sulphate of soda. 
M. L. Griffin (497,785) precipitates calcium carbonate by adding lime to 
a soluble carbonate, then mixes the precipitate with clay, drys, calcines, 
and grinds to form Portland cement. George Wegner and Paul Giihrs 
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prepare articles to be electroplated with aluminum by first steeping in a 
bath of ‘‘acetic verdigris dissolved in vinegar,’’ oxide of iron, sulphur, and 
ammonium chloride, brushing after removal from bath with a soft brass 
wire brush and rinsing with water (496,176). F. J. Clamer’s method for 
coating metal articles, is first to clean by making them anodes in an elec- 
trolytic cell, then washing in a bath of dilute hydrochloric acid, immers- 
ing next in a bath of molten lead and phosphorus, and finally subjecting 
to pressure (494,667 and 668). To prepare basic bismuth gallate, which 
is described as a yellow powder, odorless, insoluble in water, dilute acids, 
alcohol and ether, but soluble in a large excess of mineral acids and con- 
taining 55-56 per cent. Bi,O,, Arthur Liebricht uses the method follow- 
ing: Neutral bismuth nitrate is dissolved in dilute nitric acid, a solution 
of gallic acid, alcohol, and water is added, and to this mixture caustic 
alkali or alkali carbonate until just slightly acid, when the salt is pre- 
cipitated either with sodium acetate or by diluting with water (495,497). 
Emil Jacobsen forms sulfur compounds of hydrocarbons, according to his 
patent, 495,343, and Adolf Spiegel describes his method of obtaining sulpho- 
compounds in 495,124. Hydrocarbons are treated first with caustic soda, 
then with sulphuric acid, washed with water and brine successively, and 
the washed product is neutralized with alkali and the sulpho products 
separated by some suitable solvent. Leonard Paget has five patents, the 
first and second, 494,790 and 495,263, on pyroxyline solvents, the other 
three on pyroxyline compounds—494,791, 494,792, 494,793. Dieudonnés 
Rigole extracts gutta percha from the leaves and twigs of the gutta 
percha tree, according to 495,757. To preserve meat, F. G. Dosmond and 
Jean F. Rozés exhaust air from the receptacle, and introduce under 
pressure gases obtained by calcining charcoal which has absorbe 1 water 
(496,047). Peter Murray uses the following scheme to preserve timber: 
After coating with coal oil or mineral oil, animal fat, and brimstone, he 
burns the composition while applied to the timber until the composition 
is consumed (495,991). Samuel P. Sadtler and John H. Grimm patent 
a process for obtaining licorice extract (495,271) and Alfred Dervaux 
purifies water by charging an upwardly flowing column with lime at a 
point below the outlet of the water, forcing the lime to gravitate against 
the water and decanting the charged water at a safe distance below (495, 
313). H. L. Castner manufactures the higher oxides of sodium and potas- 
sium from the alkali metals by heating to 300° and oxidizing the metals 
by the action of air with a decreasing proportion of nitrogen (494,757). 
James J. Fronheiser mixes an aqueous solution of iron sulphate and sul- 
phuric acid, evaporates, and adds finely divided ferruginous matter and 
heats in his process for pigments (495,197). To convert insoluble hydrated 
phosphates of alumina into soluble forms, Stephen L. Goodale heats the 
hydrates in suitable receptacles until the water of combination is expelled 
and then allows the phosphates to cool spontaneously (493,889). 








NOTES. 

The Chemical Congress at Chicago.—Dr. Wm. McMuttrie sends 
the following additional information : 

It has been arranged that during the progress of the meet- 
ing of the World’s Congress of Chemists, two afternoon sessions 
will be devoted to and be spent among the exhibits of chemical 
products of the World’s fair under the guidance and auspices of 
the exhibitors of those products. Most of these exhibits are 
worthy of the most careful study and these afternoon meetings 
are therefore sure to be both pleasant and profitable. 

H. W. Wiley, F. W. Clarke, and J. H. Long have been made 
a committee on program. A number oftitles of papers have been 
received and there will be a full week of work. I have received 
the following in addition to those received by Dr. Wiley, the 
titles of which have been published : 

Prof. C. E. Munroe, Washington, ‘‘The Fulminates; their Preparation 
and Uses;”’ Prof. C. E. Munroe, ‘‘ The Commercial Preparation of Cal- 
cium Phosphide;’’ Dr. Geo. Lunge, Zurich, ‘‘On Apparatus for the In- 
teraction of Liquids and Gases;’’ Dr. Geo. Lunge, ‘‘ The Education of 
Industrial Chemists;’’ Dr. Chas. A. Doremus, New York, ‘‘On Purifi- 
cation of Water;’’ Chas. A. Serre, B. Sc., F. C. S., New York, ‘‘ On the 
Manufacture of Essential Oils;’’ Prof. S. P. Sadtler, Philadelphia, ‘‘On 
Recent Developments in Mineral Tanning in the U.S.;’’ Louis Jos. 
Matos, M. E., ‘‘Some Chemical and Mechanical Considerations Involved 
in the Scouring of Animal Fibers;’’ F. P. Vandenbergh, Buffalo, ‘‘ As- 
phalt, its Occurrence, Composition, and Technology ;”’ Dr. G. B. Frank- 
forter, Lincoln, Neb., ‘‘The New Formula for Narceine and its Alkali 
and Ethereal Salts;’’ Dr. G. B. Frankforter, ‘‘ The Analogy Existing 
between Narcoline and Narceine.”’ 

The number of chemists who have expressed an intention to at- 
tend the meetings of the Congress and of the American Chemical 
Society is constantly increasing and a very large gathering is 
promised. 


ERRATUM. 
In the article entitled, ‘‘The Electrolytic Separation of the Metals 
of the Second Group,’’ page 198, fourth line from the top, “ five minutes” 


should read ‘‘ five hours.’’ 








